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PKOVER  in  exacting  service ! 


The  AMPEREX 
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Have  been  tried  under  severest 
conditions  of  actual  service  and  have 
been  found  highly  satisfactory  by  a 
large  international  organization  oper¬ 
ating  twenty-six  transmitters,  located  in 
various  ports  of  the  world. 

Because  of  weather  conditions  pre- 
vaUing  at  some  ot  the  stations  and  the 
location  oi  others,  water-cooled  tubes 
and  water  cooling  systems  were  found 
impractical. 

In  the  latter  half  of  1939.  Amperex 
HF3000's  were  installed  in  several  of 
these  transmitters.  They  have  been  in 


HF3000  Series 

liO 

continuous  use  since  then,  operating  at 
20  megacycles  and  delivering  up  to 

10  K.W. 

After  many  other  types  of  air-cooled 
and  water- coole<J  tubes  had  been  tried 
and  found  wanting,  these  Amperex 
HF3000  tubes  were  adopted  for  the  en¬ 
tire  system. 

If  you  are  designing  new  equipment 
or  rebuilding  your  old  transmitter,  you 
can  effect  many  economies  in  design 
and  upkeep  by  using  these  Amperex 
All  Gloss,  Air-Cooled,  High  Power  trans¬ 
mitting  tubes. 
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FROM  ORE  TO  FINISHED  PRODUCT 


GUTHMAN,  as  exclusive  licensee  of  HEGELER  ZINC  COMPANY,  of  Danville,  III.,  now 
controls  zinc  shield  can  production  from  the  raw  ore  to  the  finished  fabricated  shield. 
Cans  are  available  plain,  trimmed  to  any  length  or  perforated  to  your  specifications. 
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SUPER 


GUTHMAN’S  en- 
gtneering  deport¬ 
ment  has  developed  and 
perfected  a  sensational  de- 


EDWIN  1 


SUPER  O  AMD  AMTEMI  fQm  IRAOE  MARK  REO 


June  J940  — ELECTROM*  S 


V 


ELECTRONICS  .  ..  .KEITH  HENNEY.  Editor.  .  .  .JUNE.  1940 


►  DKFKNSK  .  .  .  The  invasion  of 
the  Low  (’((untries  of  Europe  will  have 
at  least  two  effects  upon  this  c*)untry, 
tine  will  he  a  complete  awakeninj;  to 
the  vital  need  for  a  tremendous  expan¬ 
sion  of  our  defense  orjranization  both 
moral  and  physical.  Inadequate  appre¬ 
ciation  of  the  forces  at  work  in  Nazi 
Germany,  in  si)iteof  adeciuate  warnings 
available  since  1!>27,  is  now  havinj;  its 
terrifyintr  effect.  Helated  appreciation 
in  this  country  of  those  same  forces  will 
soon  have  its  effect  here  and  will  be 
evidenced  by  an  enlarjrement  of  funds 
spent  for  defeiise  equipment. 

All  through  the  depression  the  ^rov- 
ernment  has  kept  busy  many  communi¬ 
cation  plants,  larjre  and  small.  This  has 
been  all  to  the  jr<»od;  and  this  work  will 
continue. 

There  are,  however,  too  many  dis- 
quietinjr  rumors  of  conflicts  between 
th(  army  and  the  navy,  and  between 
the  services  and  the  civilian  expert 
aides.  .Jealousy  between  navy  techni¬ 
cians  and  civilian  radio  experts,  as 
only  one  example,  creates  havoc  on 
morale,  delays  production,  costs  the 
people  vast  sums  of  money,  time  and 
effort.  Politics  enters  into  these  vital 
matters  all  too  often.  .All  these  mat¬ 
ters  should  be  delved  into  and  cleaned 
U)'  that  we,  too,  happy  in  our  i^rnor- 
anre  and  complacence  may  not  be 
caiitrht  too  late. 

I  he  second  effect  of  the  war  will 
b(  an  increased  demand  for  war  mate¬ 
rials  to  be  manufactured  in  this  coun¬ 
try.  The  Allies  have  some  7  billion 
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tlollars  to  spend;  when  this  is  >rone 
there  will  be  tremendous  pressure  to 
advance  credit,  all  of  which  means 
busy  factories  and  busy  hands.  But 
it  will  be  a  sad  sort  of  activity,  never¬ 
theless. 

►  WOLF  .  .  .  Cyclotrons  jret  bi^Rcr 
and  better.  The  Rockefeller  Founda¬ 
tion  has  made  an  appropriation  of  $1,- 
1.7(»,(KtO  to  the  University  of  California 
for  a  new  cyclotron  to  be  built  under 
the  direction  of  Dr.  Ernest  O.  Law¬ 
rence.  The  University  is  to  raise  an 
additional  (piarter  million  dollars.  The 
majrnet  will  weijrh  approximately  4,- 
.')()(»  tons,  copper  windinjrs  will  weifjh 
about  400  tons.  .At  a  wavelenp:th  of  57 
meters,  50-million  volt  deuterons  will 
be  obtained.  2.500  kw  will  be  available 
for  operation  of  the  machine. 

Lately  there  have  been  new  an¬ 
nouncements  of  the  enerpy  available 
when,  and  if,  certain  nuclei  are 
smashed — enoujrh  to  run  a  bi^r  three- 
stacker  liner  across  the  .Atlantic  at  40 
knots  and  all  that  sort  of  thinpr.  We 
are  jrettinjr  a  bit  blase  about  all  these 
predictions.  No  one  as  yet  has  supplied 
atomic  ener^ry  to  push  a  dead  fly  across 
a  frictionless  surface.  .Atomic  enerpry 
always  seems  to  be  one  jump  ahead  of 
the  scientists — they  always  need  a  bipr- 
p-er  jimmy,  and  havinpc  p:ot  the  jimmy 
the  vision  of  releasinp:  the  energy  is 
just  as  briprht  but  is  only  delayed  a  bit 
in  time. 

Knowledp:e  about  how  things  are 
made  out  of  the  ultimate  building  blocks 


of  nature  is  sufficient  excuse;  scientists 
need  not  kid  us  along  with  these  prom- 
i.ses  of  .something  utilitarian.  Can  we 
.Americans  never  enjoy  beauty,  or 
knowledge,  or  any  of  the  esthetic  qual¬ 
ities  without  wanting  to  know  how 
much  the  thing  cost,  or  what  we  are 
going  to  get  out  of  it? 

►  .Ml’SIC  .  .  .  .Among  those  receiv¬ 
ing  the  1940  medal  awards  presented 
by  the  Franklin  Institute  on  May 
15th,  Laurens  Hammond,  President 
of  the  Hammond  Instrument  Co., 
will  be  the  only  person  whose  award 
will  come  as  the  result  of  an  achieve¬ 
ment  that  has  had  a  far-reaching  in¬ 
fluence  in  the  field  of  music.  Mr.  Ham¬ 
mond  will  receive  the  John  Price 
Wetherill  medal,  an  award  founded  in 
1925  and  bestowed  annually  to  a  per¬ 
son  of  outstanding  achievement  “for 
discovery  or  invention  in  the  physical 
sciences,  or  for  new  and  important 
combinations  of  principles  already 
known”.  Mr.  Hammond  will  receive 
the  award  “in  consideration  of  the 
inventive  skill  displayed  in  the  develop¬ 
ment  of  the  Hammond  Organ,  a  prac¬ 
tical  musical  instrument  for  the  pro¬ 
duction  of  tones  of  a  wide  range  and 
pitch,  intensity  and  quality  by  elec¬ 
trical  means,  and  for  the  combination 
and  manipulation  of  these  tones  with 
the  speed,  certainty  and  flexibility  de¬ 
manded  in  the  production  of  musical 
compositions”. 

Mr.  Hammond  admits  that  he  cannot 
read  music  or  play  it. 
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Development  form  of  panoramic  receiver  built  for  extreme  com- 
pactneu  and  liqht  weight.  Uses  electronic  capacitance  variation 
to  sweep  through  the  received  band 


Typical  panoramic  reception  pattern  show¬ 
ing  transmitters  on  five  frequencies,  three 
of  predominantly  strong  signal  strength 


fhaiiKe  in  the  height  of  each  V,  may 
be  identified  if  it.s  fretjuency  is  re¬ 
lated  to  the  sweep  freiiuency,  as 
could  readily  be  realized  in  the  case 
of  transmitters  especially  .set  up  for 
beacon  use.  Noise  api)ears  as  irregu¬ 
larities  on  the  base  line  of  the  o.scil- 
lo.scope  trace,  and  to  .some  extent  on 
the  V  it.self,  but  the  signals  may  be 
identified,  as  to  relative  fretpiency 
and  amplitude,  in  the  presence  of 
noise  which  would  make  the  sijrnals 
almo.st  inaudible  if  received  by  a 
loudspeaker. 

This  visual  method  of  observing 
radio  signals  has  .several  distinct 
advantages  when  applied  to  naviga¬ 
tion.  Navigation  by  radio  is  based 
by  the  comparison  of  signal  strengths 
from  two  or  more  sources,  usually 
on  different  frecpiencies.  The  panor¬ 
amic  receiver  is  essentially  a  signal 
strength  indicating  device  for  sev¬ 
eral  signals  at  the  same  time,  and 
hence  the  receiver  is  particularly 
Well  suited  to  the  purpose. 


The  Dual  Frequency  Radio  Range 
Beacon 


One  important  application  of  the 
panoramic  principle  is  illustrated  in 
the  range  beacon  recently  demon¬ 
strated  by  Dr.  Wallace  at  Indian¬ 
apolis.  The  transmitter,  showm  in 
the  accompanying  photograph,  con- 
si.sts  of  two  line-controlled  oscillators 
operating  on  124  and  124.1  Me  re- 
si»ectively  and  feeding  two  horizon¬ 
tal  dipole  antennas  arranged  at 
right  angles  to  each  other.  Since  the 
radiation  pattern  of  a  single  dipole 


is  a  figure-eight,  the  combined  out¬ 
put  consists  of  two  figure-eight  pat¬ 
terns  superimposed.  The  transmit¬ 
ters  were  arranged  for  alternate 
keying  by  electronic  keying  circuits 
designed  to  operate  in  the  range 
from  2  to  80  pulses  per  second. 

The  course  to  be  followed  by  the 
plane  is  one  of  the  intersections  be¬ 
tween  two  lobes  of  the  double  figure- 
eight  pattern.  It  the  pilot  finds  him¬ 
self  in  this  region,  the  two  signals 
appear  on  the  screen  of  his  panor¬ 
amic  receiver  as  inverted  V’s  of 
e<iual  height.  If  he  finds  himself 
off  cour.se,  in  one  of  the  lobes  at 
either  side  of  the  intersection,  the 
pattern  on  the  .screen  shows  him  on 
which  side  he  is  off  course,  since  the 
inverted  V  on  the  .screen,  corres¬ 
ponding  to  signal  region  in  which 
the  plane  is  situated,  will  be  of 
greater  height  than  the  other.  More¬ 
over,  the  relative  difference  in  the 
height  of  the  two  V’s  gives  the  pilot 
a  direct  indication  of  how  far  off 
course  the  plane  is.  As  the  pilot 
flies  back  toward  the  course,  the  two 
signal  V’s  gradually  assume  equal 
amplitudes,  whereupon  the  pilot 
knows  he  is  on  course.  The  system 
does  not  differ  in  principle  markedly 
from  the  A-N  radio  range  beacons 
now  in  use,  since  both  depend  on 
superimposed  figure-eight  patterns. 
But  the  panoramic  system  requires 
no  manual  tuning  on  the  part  of  the 
pilot,  is  effective  in  the  presence  of 
a  high  degree  of  noise,  shows  the 
pilot  on  which  side  of  the  beam  he 
happens  to  be,  and  gives  a  direct 
indication  of  the  amount  by  which' 


he  is  off  course.  The  tests  of  this 
system  showed  that  it  is  entirely 
practical  as  a  range  beacon  service. 


Receiver  Design  Factors 


While  the  princii)le  of  operation 
of  the  panoramic  receiver  is  simple, 
it  must  not  be  supposed  that  there 
are  no  controlling  factors  in  the  de¬ 
sign.  The  tuned  circuits,  particu¬ 
larly  those  of  the  i-f  amplifier,  of 
the  receiver  operate  under  transient 
conditions  when  the  o.scillator  fre¬ 
quency  is  swept  over  the  band,  hence 
care  must  be  taken  to  allow  full 
build-up  of  the  resonant  current  in 
each  circuit  while  the  signal  re¬ 
mains  within  the  pass  band  of  the 
i-f  circuits.  With  ordinary  i-f  trans¬ 
formers  having  a  Q  of  50  to  100,  it 
is  necessary  that  about  20  cycles  of 
the  radio  frequency  current  occur 
before  the  current  reaches  its  maxi¬ 
mum  value.  Furthermore,  the  signal 
applied  to  the  i-f  transformer  is  not 
constant  while  the  signal  passes  over 
the  pass  band,  but  increases  along 
one  edge  of  the  resonance  curve  and 
then  decreases  along  the  other.  To 
take  this  factor  into  account,  it  has 
proved  advisable  to  allow  40  cycles 
of  the  r-f  current  to  occur  while  the 
signal  remains  within  the  pass  band 
limits.  Thus  if  the  entire  broadcast 
band  from  550  to  1600  kc  is  covered 
in  l/120th  second  (one  half-cycle 
of  a  60  cps  sweep) ,  the  intermediate 
frequency  is  455  kc,  and  the  band¬ 
pass  is  10  kc  the  r-f  input  will  oscil¬ 
late  about  40  cycles  while  the  signal 
{Continued  on  page  8^) 


Kl  F.CTRONICS  — iiifip  1040 


15 


Kvl 

■i '  ^ 

t 


Panoramic  Reception 


All  the  stations  on  the  dial  of  a  receiver  may  he  indicated  siniultaiieoiisly  on  a  cathode-ray 
oscilloscope  hy  repeatedly  sweeping  through  the  band.  Such  a  receiver  gives  the  relative 
frequencies  and  signal  strengths  of  several  stations,  hence  is  suitetl  to  radio  navigation 


“PANORAMIC  RECEPTION”  is 
A  a  name  given  to  a  newly-de¬ 
vised  method  of  receiving  many 
stations  simultaneously,  by  its  in¬ 
ventor  Dr.  Marcel  Wallace  of  New 
York.  The  system  is  simple,  so 
simple  in  fact  that  most  engineers 
who  have  seen  it  demonstrated 
wonder  why  it  has  not  been  put  into 
practice  long  before  this.  The  first 
announcement  published  in  Electron¬ 
ics  was  printed  in  July,  1938,  page 
36.  Since  that  time  more  complete  ap¬ 
paratus  has  been  built  and  a  demon¬ 
stration  of  the  system  has  been  made 
to  officials  of  the  Civil  Aeronautics 
Authority  at  the  Indianapolis  Air¬ 
port,  to  show  its  effectiveness  as  a 
radio  range  beacon  for  aircraft. 

Essentially,  panoramic  reception 
is  accomplished  by  observing  radio 
signals  on  the  screen  of  a  cathode- 
ray  oscilloscope.  The  receiver  is  a 
conventional  superheterodyne  in 
every  respect  except  that  the  cir¬ 
cuits  of  the  oscillator  and  antenna 
are  tuned  continuously  from  one  end 
of  the  band  to  the  other  at  a  rate  of 
about  60  times  per  second.  The  re¬ 
ceiver  thus  sweeps  past  the  signals 
present  on  the  band  and  registers 
an  audio  output  voltage  as  each  sig¬ 
nal  is  encountered.  The  output  is 
applied  to  the  vertical  deflection 
plates  of  an  oscilloscope.  The  hori¬ 
zontal  sweep  frequency  of  the  oscil¬ 
loscope  is  controlled  so  that  it  is 
synchronous  with  the  60  per  second 
tuning  cycle.  Hence  each  station  on 
the  band  registers  as  a  stationary 
vertical  deflection  of  inverted-V 
shape.  The  height  of  the  V  is  de¬ 
termined  by  the  signal  strength,  its 
position  on  the  horizontal  axis  by  its 
frequency.  Any  change  either  in 
signal  strength  or  frequency  of  any 
of  the  stations  present,  is  immedi¬ 
ately  visible.  Even  the  modulation 
of  the  signal,  which  produces  a 


The  dual  frequency  aircraft  beacon  transmitter  and  panoramic 
reception  patterns  indicating  off  course  to  right  and  left  of  beam, 
respectively 
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(luces  little  acceleration  or  deceler¬ 
ation  of  the  beam  and  tends  toward 
a  somewhat  more  uniform  spot  focus 
over  the  entire  screen.  Fortunately, 
however,  the  dertectinjf  plates  them- 
.selves  by  suitable  balance  of  the 
positioning  volta^res  may  be  utilized 
to  correct  the  spot  shape  over  the 
various  sections  of  the  .screen  and 
thus  limit  asti^niatism  of  the  spot 
l)elow  the  disturbing  value. 

Both  electroma^rnetic  and  electro¬ 
static  .systems  are  fraught  with  dif¬ 
ficulties  re^ardin^  raster  shape  for 
wide  angles  of  deflection.  The  term 
“raster”  is  frequently  employed  to 
(le.scribe  the  illuminated  rectangle 
consisting  of  the  .scanning  lines. 
Frintrin^  effects  of  the  magnetic 
deflecting  coil  are  capable  of  pro¬ 
ducing  a  barrel  effect  of  this  rect- 
anjrle.  It  is  also  possible  to  obtain  a 
pin-cushion  effect.  Specific  design  of 
the  deflecting’  yoke  can  off.set  these 
errors  to  yield  a  reasonably  true 
rectangle.  Electrostatic  deflection 
may  produce  a  trapezoidal  effect  on 
the  pattern.  The  trapezoidal  error 
is  noticed  most  .seriously  when  tubes 
are  connected  for  .so-called  “single- 
ended”  deflection  and  in  which  only 
one  plate  of  each  pair  is  u.sed  for 
sijrnal,  and  the  other  plate  of  each 
pair  is  tied  to  the  .second  anode.  For¬ 
tunately,  however,  employment  of 
b"th  plates  of  each  pair  wdth  signals 


of  opposite  phase  and  approximately 
ecjual  amplitude  from  a  push-pull  de¬ 
flection  system  corrects  this  trape¬ 
zoidal  error  .so  that  the  electrostatic 
tube  also  produces  a  good  rectangle. 

It  should  be  pointed  out  that  the 
deflection  .sensitivity  of  a  magnetic 
tube  varies  inversely  with  the 
square-root  of  the  accelerating  volt¬ 
age  while  the  deflection  sensitivity 
of  the  electrostatic  tube  varies  in¬ 
versely  as  the  first  power  of  the  de¬ 
flection  voltage.  In  this  respect,  for 
example,  if  one  wished  to  double  the 
accelerating  voltage  to  increase  bril¬ 
liance  he  would  re(iuire  a  larger 
change  in  the  electrostatic  deflecting 
.system  than  in  the  electromagnetic 
deflecting  .system.  However,  at  the 
present  time  very  satisfactory  de¬ 
flecting  systems  have  been  developed 
for  either  type  of  tube  operating  at 
accelerating  voltages  from  6000  to 
8000  volts. 


F'ourteen-l  »ch  Tube 


A  tube  chosen  to  provide  a  moder¬ 
ate  sized  picture  has  been  u.sed  for 
.some  time  in  commercial  receivers. 
This  14-inch  tube  operates  at  8000 
volts,  utilizing  the  intensifier  prin¬ 
ciple.  An  additional  ring  near  the 
screen  accelerates  the  pattern  sub¬ 
sequent  to  deflection  thus  providing 
increased  intensity  without  undue 


deflection  voltage  requirements.  The 
bulb  shape  has  been  chosen  so  as  to 
provide  reasonable  freedom  from 
danger  to  implosion  under  the  sev¬ 
eral  tons  of  force  subjected  by  the 
atmosphere  on  the  evacuated  bulb. 
The  shape  in  the  enlarged  region 
resembles  a  sphere  which  is  the 
strongest  geometrical  .structure. 
This,  of  course,  provides  curvature 
to  the  screen,  but  a  reasonable 
amount  of  flattening  has  been  ac¬ 
complished  without  sacrifice  in 
.safety.  The.se  bulbs  are  thoroughly 
tested  both  by  a  polariscope  and  by 
a  pressure  tank  after  careful  an¬ 
nealing  processes.  The  .screen  color 
is  a  nominal  white  screen,  though 
a  slight  predominance  of  yellow 
seems  to  be  most  acceptable  under 
average  public  viewing  conditions. 
The  phosphor  consists  of  a  mixture 
of  materials.  On  analysis  with  a 
microscope  when  the  tube  is  in  oper¬ 
ation  one  can  see  discreet  particles 
emitting  various  colors  but  so  closely 
spaced  and  uniformly  distributed 
that  the  total  visible  effect  is  white. 

The  gun  structure  is  illustrated  in 
the  accompanying  photograph.  A 
large  neck  is  employed  leaving  ade¬ 
quate  space  for  a  high  voltage  seal 
through  which  nine  electrodes  are 
brought.  The  gun  consists  of  an 
indirectly  heated  cathode  surrounded 
by  a  control  grid  consisting  of  a 
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Television  Receivers  Using 
Electrostatic  Deflection 


The  television  receiver  design 
discussed  here  differs  definitely 
from  other  receivers  providing  com¬ 
parable  picture  size.  Those  features 
having  primary  engineering  inter¬ 
est  to  both  the  designers  and  the 
users  of  television  equipment  are 
described. 

The  large  picture  tube  is  equipped 
with  electrostatic  deflection  plates 
and  is  thus  quite  different  from  the 
large-sized  tubes  employed  in  other 
types  of  television  receivers  mar¬ 
keted  in  this  country.  Sets  are 
available  utilizing  the  5-inch  tubes 
operated  electrostatically  but  for 
convenient  viewing  size  and  excel¬ 
lence  of  detail  a  number  of  manufac¬ 
turers  have  chosen  the  electromag¬ 
netic  system  of  beam  deflection  for 
the  television  scanning  at  the  re¬ 
ceiver,  and  considerable  information 
has  been  published  regarding  the 
deflection  circuits  for  these  electro¬ 
magnetic  tubes.  This  article  de¬ 
scribes  14-inch  and  20-inch  cathode 
ray  tubes  utilizing  electrostatic  de¬ 
flection  plates.  Such  receivers  pre¬ 
sent  a  different  problem  with 
respect  to  the  sweep  deflectors  and 
the  construction  of  the  tubes  them¬ 
selves. 

Electric  vs  Magnetic  Scanning 

It  will  be  well  here  to  point  out 
some  of  the  current  views  with  re¬ 
gard  to  the  relative  merits  and  de¬ 
merits  of  cathode  ray  tubes  operated 
with  electric  deflection  as  against 
magnetic  deflection.  Judged  from  a 
cost  standpoint,  the  picture  tube  it¬ 
self  can  be  constructed  somewhat 
more  cheaply  for  magnetic  deflec¬ 
tion,  since  the  alignment  is  not  quite 
as  critical,  and  the  gun  has  fewer 
mechanical  parts.  However,  this  by 
no  means  constitutes  a  major  item 
in  the  cost  of  the  tube  and,  there¬ 
fore,  when  a  blank  is  once  chosen 
suitable  for  the  voltage  insulation 
necessary,  the  expense  of  building 
the  electrically  deflected  tube  is  very 
little  more  than  the  expense  of  build¬ 
ing  the  magnetically  deflected  tube. 
The  cost  of  a  magnetic  deflecting 
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I N  this  country,  the  DuMont  Lab¬ 
oratories  have  been  the  leading 
exponent  of  the  use  of  electric, 
rather  than  magnetic,  forces  for 
deflection  in  large  television 
picture  tubes.  This  article  re¬ 
views  the  reasons  for  this  pref¬ 
erence  and  describes  a  typical 
receiver  suitable  for  use  either 
with  a  14-inch  or  a  20-inch  picture 
tube 


yoke  is  generally  high  and  this  item 
is  not  needed  with  the  electrostatic 
tube. 

Regarding  the  deflection  circuits, 
it  is  a  choice  between  providing  high 
currents  through  suitable  coupling 
transformers  or  high  voltages 
through  linear  amplifiers. 

In  the  case  of  magnetic  deflection 
it  is  necessary  to  provide  a  peculiar 
waveform  to  provide  the  desired  low 
frequency  .sawtooth  current  wave¬ 
form,  and  furthermore,  the  recpiire- 
ments  of  rapid  return  time  cau-ses 
very  high  surge  voltages  in  the 
transformer  circuits  so  that  insula¬ 
tion  here  becomes  nearly  as  serious 
a  problem  with  the  electromagnetic 
circuits  as  with  the  electrostatic  cir¬ 
cuits.  The  deflection  plates  require 
only  linear  amplification  of  the 
originally-generated  sawtooth  volt¬ 
age.  Thus  the  cost  of  the  amplifier 
components  is  probably  about  the 
same  for  either  system,  except  for 
the  deflecting  coil. 

An  electrostatic  deflection  .system 
has  the  great  advantage  of  being 
able  to  follow  wide  variations  in 
signal  frequencies  without  the  dis¬ 
turbance  inherent  with  a  magnetic 
deflecting  coil.  In  other  words,  de¬ 
flecting  plates  can  operate  with 
eijual  response  over  all  frecjuencies 
from  dc  well  up  into  the  megacycles. 

One  particularly  advantageous  fea¬ 
ture  of  electrostatic  deflection  is  the 
freedom  from  screen  burning  due  to 
the  ion  spot  caused  by  negative  ions. 
Such  ions  are  deflected  though  with 
some  loss  of  focus  by  means  of  elec¬ 
trostatic  deflection  jilates.  In  this 
way  the  ions  are  scattered  over  a 
large  screen  area  in  the  electrostatic 
tube  and  produce  no  disfiguring 
burned  spot  near  the  center  of  th'* 
screen.  The  matter  of  focusing  of 
the  beam  warrants  discu.ssion.  In 
general  the  magnetic  deflection  pro- 


Gun  structure  and  deflecting  plates  of  the 
20-inch  picture  tube.  The  deflecting  plates 
are  flared  to  obtain  maximum  deflection 
sensitivity  and  to  avoid  defocussing  the 
spot 
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lube.  A  rubber  block  mounting  struc-  Another  feature  of  ine  unit  design 
ture  holds  the  neck  of  the  cathode-  is  its  enclosed  structure  whereby 
ray  tube  on  this  chassis.  Most  of  the  each  circuit  is  shielded  adequately 
cabinet  designs  for  the.se  receivers  from  other  circuits  likely  to  cause 
utilize  direct  viewing  of  the  screen,  interference, 
so  that  the  cathode-ray  tube  lies 
horizontally. 

With  this  five-unit  assembly  it 
is  possible  to  test  each  of  the  five 
chassis  individually,  and  further¬ 
more  the  factory  construction  of  the 
units  is  under  more  rigid  control. 

The  units  may  be  transported  more 
readily  in  this  form  which  facilitates 
field  work.  Each  assembly  may  be 
taken  out  by  removing  .screws  and 
detaching  plugs. 

With  television  still  definitely  in 
a  development  stage  this  unit  assem¬ 
bly  enables  modifications  to  be  made 
readily  in  the  receiving  circuits  with¬ 
out  ob.soleting  the  remaining  chassis 
which  are  not  etfected  by  the  de¬ 
sired  changes.  Kor  example,  a 
change  in  a  numljer  of  channels  or, 
indeed,  in  the  transmitted  frequen¬ 
cies  of  television  would  re(pure  re¬ 
placement  of  only  a  minor  portion 
of  the  entire  receiver.  There  are 
probabilities  that  one  locality  may 
recjuire  a  different  series  of  chan¬ 
nels  than  another,  and  this  construc¬ 
tion  still  maintains  standardized 
building  and  testing  of  the  major 
part  of  the  receiver. 


The  trap  circuits  are  adjusted  re¬ 
spectively  to  attenuate  the  adjacent 
channel  picture  signals  and  the  ad¬ 
jacent  channel  sound  carrier  and 
the  local  channel  sound  carrier  so 
as  to  avoid  interfering  signals  on 
the  cathode-ray-tube  screen. 

The  sound  channel  is  aligned  at 
8.25  megacycles  with  a  standard 
signal  generator,  and  its  band  width 
is  sufficient  to  allow  the  slight  fre¬ 
quency  drift  due  to  warming  up  and 
operation  of  the  radio-frequency  and 
local  o.scillator  circuits.  The.se  trans¬ 
formers  respond  to  a  frequency 
width  of  100  kc.  The  units  are  tested 
for  operation  of  the  a-v-c  circuit  and 
to  see  that  the  gain  control  and  out¬ 
put  stages  operate  free  of  distortion. 

The  top  deck  is  attached  to  a 
standard  assembly  and  a  standard 
cathode-ray  tube  is  inserted.  Sig¬ 
nals  are  applied  to  the  input  of  the 
video  amplifier.  These  signals  consist 
of  a  standard  pattern  with  the 
proper  synchronizing  and  blanking 
pulses  in.serted.  Such  a  pattern  gives 
at  once  means  for  adjusting  the 
fre(iuencie.s,  amplitudes,  linearity 
and  positioning  of  the  two  sweep 
circuits.  With  an  oscillograph  the 
.sensitivity  of  the  video  amplifier  is 
checked. 

When  each  individual  unit  has 

(('otithmed  on  pa y e  X!t ) 


Production  Test  Procedure 

The  manufacture  and  testing  of 
the  cathode-ray  tubes  is  an  indi¬ 
vidual  department  in  itself.  These 
tubes  are  approved  for  alignment, 
brilliance,  spot-size,  deflection  sensi¬ 
tivity  and  mechanical  strength  be¬ 
fore  as.sembly  in  the  final  receivers. 

After  as.sembly  the  power  supply 
cha.ssis  are  connected  by  their  plug 
outlets  to  a  standard  load  which 
at  once  indicates  any  flaw  in  the 
fctur  rectifier  circuits. 

The  r-f  cha.ssis  is  attached  to  a 
standard  power  supply  and  i-f  unit. 
Standard  signals  are  applied  for 
proper  alignment  and  band  adjust¬ 
ment  of  the  five  channels.  An  r-f 
sweep  oscillator  is  employed  to  ob¬ 
serve  the  band  response  directly  on 
an  oscillo.scope. 

The  picture  intermediate-fre- 
(piency  chassis  is  adjusted  with  a 
sweep  oscillator  operating  at  the 
picture  i-f  frequency,  and  the  sig¬ 
nals  are  applied  exclusively  from  the 
last  intermediate  frecjuency  stage  to 
the  first.  The  output  is  ob.served 
from  the  detector  on  an  o.scillograph. 


Typical  image  reproduced  on  a  14-inch  tube  using  the 
receirer  here  described  (441-line  pattern) 

The  20-inch  electrostatically-deflected  picture  tube.  Note 
accelerating  electrode  near  fluorescent  screen,  which 
improves  brilliance  without  affecting  the  deflection 
requirements 
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Diagram  oi  the  deflection  chassis  of  the  20-inch  receiver.  The  video  signal  from 
the  second  detector  acts  as  input,  and  the  output  consists  oi  synchronized  vertical 
and  horizontal  sawtooth  waves.  In  this  chassis  reside  the  main  circuit  differences 
between  the  DuMont  receiver  and  those  employing  magnetic  scanning 

cylinder  closed  at  one  end  except  for  intensifier  rinp  and  this,  of  course, 
a  small  hole  through  which  the  elec-  retiuires  very  little  current,  so  the 
tron  beam  passes.  Next  is  a  pre-  filter  problem  is  simple.  The  trans- 
accelerating  electrode  to  provide  a  former  winding  provides  sources 
high  initial  velocity  so  that  all  for  voltage  doubling  to  these  last  two 
electrons  have  essentially  uniform  rectifiers. 

energy  before  the  focusing  process  The  entire  power  unit  is  protected 
is  completed.  This  preaccelerator  by  fuse  and  safety  switches.  The  cir- 
also  has  a  defining  aperture.  A  cuits  are  completely  enclosed  to  re¬ 
focusing  cylinder  of  some  length  op-  move  the  hazard  of  high  voltage, 
erates  at  the  reduced  potential  and  Remote  controls  are  used  so  that  the 
then  the  final  high  potential  is  ap-  high  potentials  and  possible  corona 
plied  on  the  second  anode.  The  beam  are  limited  to  this  enclosed  region 
then  proceeds  through  the  two  sets  which  greatly  reduces  the  disturb- 
of  deflection  plates  and  is  subse-  ances  in  the  sensitive  receiving  cir- 
quently  accelerated  an  additional  cuits.  The  skeleton  structure  for  in¬ 
amount  by  the  intensifier  ring  be-  sertion  of  the  remaining  chassis 
fore  striking  the  screen.  assemblies  is  built  as  a  permanent 

part  of  this  power  chassis.  Connec- 
Chassis  Construction  tion  for  power  from  the  remaining 

decks  is  made  by  plug  and  socket 

The  chassis  design  is  based  on  a  foj.  ease  in  assembling  the  units 
“five-unit”  construction,  as  follows;  after  individual  test. 

(1)  Power  unit.  The  entire  bot-  (2)  R-f  tuner.  This  small  assem- 
tom  deck  of  the  assembled  receiver  bly  contains  the  local  oscillator  and 
is  devoted  to  the  power  supplies,  mixer  tube  with  their  associated  r-f 
This  consists  of  a  300  volt  supply  to  resonant  circuit.  Provision  is  made 
operate  the  receiving  tubes  in  both  for  five  channels  and  with  the  struc- 
the  sound  and  picture  channels.  An-  ture  chosen  expansion  of  the  chassis 

other  full-wave  rectifier  provides  to  include  different  or  additional 

1500  volts  at  low  current  to  operate  channels  can  be  readily  made  without 

the  final  amplifiers  for  the  sweep  obsoleting  the  remaining  assemblies, 
deflection.  A  third  section  is  a  half-  (3)  Picture  intermediate-frequen- 
wave  rectifier  supplying  4000  volts  cy  chassis.  This  unit  contains  four 

negative  from  ground  to  operate  the  stages  of  intermediate  frequency 

electron  gun.  A  fourth  section  has  a  amplification  and  a  detector.  The 
half-wave  rectifier  supply  4000  volts  coupling  transformers  have  associ- 
positive  from  ground  to  operate  the  ated  with  them  suitable  trap  cir- 
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cuits  to  reject  signals  from  adjacent 
television  stations,  and  have  an 
overall  band  pass  of  4  megacycles. 
They  are  designed  for  intermediate 
frequency  operation  from  8.75  to 
12.75  megacycles. 

(4)  Sound  i-f  and  a-f  chassis: 
This  unit  is  fed  by  a  link  from  the 
r-f  unit  and  contains  two  stages  of 
intermediate  frequency  amplication 
at  8.25  megacycles.  A  detector  and 
a-v-c  tube  then  feeds  an  inverter  and 
a  pair  of  6V6  tubes  in  push-pull  to 
operate  the  speaker.  Phonographic 
attachment  facilities  are  provided. 

(5)  Cathode-ray  control  assembly. 
This  so-called  “penthouse”  structure 
contains  the  final  stages  of  the  video 
amplifier,  the  coupling  circuits  and 
d-c  reinsertion  circuit  to  the  grid 
of  the  cathode-ray  tube.  It  also  con¬ 
tains  the  .synchronizing  separator 
tubes  which  pick  off  the  peaks  of 
the  video  signals  and  through  suit¬ 
able  frequency  discriminating  net¬ 
works  apply  them  to  the  sweep  oscil¬ 
lator  tubes.  These  o.scillator  tubes 
provide  a  linear  low  amplitude  saw¬ 
tooth  wave  which  is  then  inverted 
and  amplified  through  balanced 
stages  to  obtain  the  necessary  high 
deflecting  voltages  to  .scan  the 
cathode-ray  tube  .screen.  A  type  of 
bl(K*king  oscillator  is  used  to  trigger 
off  the  sweep  circuit.  The  amplifier 
re(juirements  demand  tubes  capable 
of  operating  with  the  1500  volt  plate 
supply  necessary  to  give  the  high 
voltage  for  the  deflection  plates. 
However,  the  current  required  in 
these  amplifiers  is  low,  and  there¬ 
fore  standard  receiving  tubes  may 
be  used  as  far  as  thermal  dissipation 
is  concerned.  However,  particular  re¬ 
quirements  must  be  met  with  regard 
to  voltage  insulation  of  the  inside 
elements  and  in  the  pins  and  wiring 
to  the  sockets. 

The  sweep  chassis  has  certain  con¬ 
trols  mounted  at  the  back,  which  ad¬ 
just  pattern  size  and  line  and  frame 
frequencies.  Positioning  controls  are 
supplied  for  centering  the  pattern, 
and  an  astigmatic  control  is  provided 
which  serves  to  correct  spot  shape 
distortion.  This  control  varies  the 
average  d-c  voltage  about  which  one 
.set  of  plates  operates  with  respect  to 
the  average  voltage  about  which  the 
other  set  of  deflection  plates  oper¬ 
ates. 

Since  only  this  cha.ssis  utilizes  the 
high  voltage  it  has  a  special  cable 
thoroughly  insulated  for  the  accel¬ 
erating  voltages  of  the  cathode-r;iy 
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Fig.  3 — Characteristic  curves  oi  commer¬ 
cial  Mazda  lamps.  The  dynamic  resistance 
of  the  lamps  is  given  by  the  scales  on  the 
curves 

Fig.  4 — Circuit  used  to  determine  the  ef¬ 
fect  of  a  load  impedance  across  the  output 
terminals  (Thevenin's  theorem) 


curve  are  given  the  values  of  Ro^ 
Example:  Using  60  watt  bulbs,  de¬ 
termine  the  resi.stor  for  a  bridge 
balance  at  E,  =  110  volts  and  give 
the  unbalance  voltage  e  for  a  2  volt 
variation  in  the  voltage  applied  to 
the  bridge. 

Solution 

H  ^  ■  =  55/  .347  =  158  ohms 

Rd  at  .5.")  volts  from  curve:  325  ohms 


represents  the  current  Now  let 
the  applied  voltage  increase  by  the 
amount  A  E  to  the  new  value  OS'. 
The  resistor  characteristic  shifts 
parallel  to  itself  into  the  position 
S'  P';  the  voltage  across  the  lamp 
will  be  OQ’,  across  the  resistor  S’Q', 
while  the  current  will  be  Q'P'.  In¬ 
spection  of  the  figure  confirms  the 
initial  reasoning,  based  on  the  resis¬ 
tance  increase  of  the  filament,  that 
the  voltage  OQ'  across  the  lamp  is 
now  higher  than  the  voltage  S'Q' 
acntss  the  resistor. 

If  lE,  is  the  voltage  increase 
across  the  lamp,  and  A  the  voltage 
increa.se  acro.ss  the  resi.stor,  then 
evidently 

A  K  =  A  K  L  -f  -  A  K  K 

while  the  difference  of  these  two  in¬ 
creases  is  the  output  voltage  e 
e  ==  A  El  —  A  Er 

K'  ferring  to  Fig.  2  it  is  seen  that 
A  K,  =  QQ'  =  PV  and  AE  =  SS' 
PT ;  therefore  A  Er  =  AE  — 
A  =  VT.  The  increa.se  in  current 
A'  equals  P'Q'  -  PQ  =  P'V,  We 
fi'  w  wish  to  express  AE,.  and  AEr 
in  terms  of  the  lamp  characteristic, 
th<  resistance  R  and  the  increase  A  i 
of  the  current.  The  increa.se  AEr 
=  IT  is  simply  the  resistance  R 


times  the  current  change,  that  is 
A  Er  =  AiX  li 

If  we  consider  the  change  A  E  small 
enough  so  that  the  part  PP'  of  the 
actual  lamp  characteristic  can  be  re¬ 
placed  by  the  tangent  without  ap- 
j)reciable  error,  we  can  write 

/"I  =  r  V  X  ~ 
lit 

di 

or  A  I  =  A  i:,.  X  -T-..- 
dh 

dE 

and  A  El  =  A  i  X  — rr- 
di 

(IE  (U  has  the  dimension  of  a  resist¬ 
ance.  The  plate  resistance  of  a 
radio  tube  is  defined  in  a  similar 
way.  We  may  call  dE  di  the  dynamic 
resistance  R„  of  the  lamp  at  the 
operating  point  P.  With  this  we  can 
write 

A  El  =  AiX  Rd 

Substituting  these  expressions  into 
the  equations  for  A  E  and  e,  and 
solving  for  e 

A  E  ^  Ai  (Rd  4"  R) 

<=  A  i  {R„  -  R) 

Figure  3  shows  the  volt-ampere  char¬ 
acteristics  of  the  common  size  115 
volt  Mazda  lamps.  Along  each 


e  =  2  X 


:V25  -  1.5.S 
325  4-  15.S 


.09  volts. 


The  unbalance  voltage  e  is  usually 
not  enough  to  operate  a  gaseous 
tube.  There  are  several  ways  to 
rai.se  this  voltage.  In  the  first  place 
a  transformer  may  be  introduced 
between  the  voltage  to  be  regulated 
and  the  bridge  itself,  so  that  the 
lamps  are  operating  at  a  voltage 
nearer  to  their  rated  voltage.  This 
steps  up  A  £■  in  the  transformation 
ratio.  It  has  the  added  advantage 
that  the  lamps,  which  are  operating 
at  a  higher  temperature,  respond  to 
the  voltage  variations  faster  with 
corresponding  resistance  changes 
than  when  operating  at  low'er  tem¬ 
peratures.  However,  even  with  this 
a  step  up  transformer  is  usually  re¬ 
quired  between  the  points  C  and  D 
and  the  tube,  serving  at  the  same 
time  as  insulating  transformer.  This 
transformer  constitutes  a  load  be¬ 
tween  the  points  C  and  D,  and  will 
decrease  the  calculated  open  circuit 
output  voltage.  Fortunately  there 
is  no  difficulty  in  accurately  pre¬ 
dicting  its  influence,  or  that  of  any 
other  load  impedance  Z  connected 
between  the  points  C  and  D.  This 
is  easily  accomplished  by  the  applica¬ 
tion  of  Thevenin’s  theorem,  accord- 
{Continned  on  page  108) 
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Voltage  Control  With  a 
Non-Linear  Wheatstone  Bridge 


By  WALTHER  RICHTER 

ConMulting  Engineer,  ililunukft 


Avoltape  control  device  which 
combines  simplicity  with  util¬ 
ity  is  that  consisting  of  a  Wheatstone 
bridge  which  has  two  linear  and  two 
non-linear  elements  in  opposite 
branches.  The  incandescent  lamp  is 
probably  the  simplest  and  most 
widely  available  non-linear  resistance 
element  and  therefore  forms  the 
basis  of  the  circuit  described  here. 
A  typical  non-linear  Wheatstone 
bridge  circuit  is  shown  in  Fig.  1. 

The  non-linear  relation  between 
voltage  and  current  of  an  incande¬ 
scent  lamp  is  due  to  the  fact  that  an 
increase  of  voltage  across  the  fila¬ 
ment  and  the  consequent  increased 
current  through  it,  raises  the  tem¬ 
perature  and  therefore  the  resis¬ 
tance,  of  the  filament.  Assuming 
identical  lamps  and  resistors  in  the 
two  branches  ACB  and  ADB  of  the 
bridge,  it  is  clear  that  the  bridge 
is  in  balance,  that  is  the  voltage  e  is 
zero,  when  the  lamp  resistance  Rl 
equals  the  resistance  R.  If  E,  is  the 
voltage  applied  to  the  bridge  for  a 
balanced  condition,  and  i,  is  the  cur¬ 
rent  in  each  branch,  the  voltage 
across  each  of  the  four  arms  of  the 
bridge  is  then  Eo/2.  If  the  applied 
voltage  rises  above  the  value  E,,  the 
currents  in  the  two  branches  ACB 
and  ADB  each  rise  by  an  equal 
amount.  This  increases  the  voltages 
across  AC  and  AD,  but  since  the 
lamp  resistance  Rl  is  increased  due 
to  the  temperature  rise  of  the  fila¬ 
ment,  the  voltage  AC  will  rise  more 
than  the  voltage  AD,  and  the  point  C 
will  show  a  positive  voltage  with 
respect  to  point  D,  equal  to  the  dif¬ 
ference  between  the  voltages  across 
the  lamp  and  the  resistor.  If  the 
voltage  E  is  decreased  below  the 
value  Eo,  at  which  the  bridge  is  in 
balance,  similar  reasoning  shows 
that  C  becomes  negative  with  re¬ 
spect  to  D.  For  an  applied  alternat¬ 
ing  voltage  this  means  that  the  volt¬ 
age  between  C  and  D  is  in  phase  with 


the  voltage  between  A  and  B  for 
E  >  Eo,  is  zero  for  E  =  E,  and  is 
180°  out  of  phase  for  E  <  E,.  Ob¬ 
viously,  this  is  a  tailor-made  condi¬ 
tion  for  the  control  of  thyi’atrons  and 
other  gaseous  tubes.  By  combining 
the  voltage  e  with  a  fixed  alternating 
voltage  90°  out  of  phase,  a  voltage 
suitable  for  the  well  known  phase 
shift  method  of  tube  control  can  al.so 
be  obtained  over  a  reasonable  range. 
The  purpose  of  this  di.scussion  is  to 
show  how  the  designer  of  such  cir¬ 
cuits  can  calculate  the  output  volt¬ 
age  e  for  a  given  variation  of  the 
applied  voltage  E.  This  permits  him 
to  predict  the  performance  of  a  given 
arrangement,  or  if  definite  limits  are 
set  for  the  variation  of  E,  he  is  able 
to  specify  the  step-up  equipment — 
either  transformers  or  amplifiers — 
needed  between  the  points  C  and  D 
and  the  grid  of  the  final  tube. 

With  the  foregoing  explanations 
in  mind  it  is  obviously  an  easy  mat¬ 
ter  to  determine  the  value  of  the 
resistance  R  necessary  to  produce 
balance  at  a  given  applied  voltage 
Eo.  Suppose  that  the  bridge  is  to 
be  in  balance  for  an  applied  voltage 
of  120  volts,  i.e.  F.  =  120.  We  have 
seen  that  the  voltages  across  all  four 
arms  must  be  equal  at  balance,  which 
means  that  there  must  be  E„  2  =  60 
volts  across  the  lamp  as  well  as  across 
the  resistor.  From  the  volt-ampere 
characteristic  of  the  lamp  in  question 
w’e  find  the  current  io  of  the  lamp 
at  an  applied  voltage  of  £■„  2;  the 
resistance  of  the  lamp  is  then 

E 

Run  =  and  this  is  also  the  value 

2?o 

which  the  fixed  resistor  must  have 
to  produce  balance  at  F  =  Eo.  If 
40  watt  lamps  are  to  be  used  as  an 
example,  we  would  find  from  the 
curves  on  Fig.  3  that  the  current 
taken  by  such  a  lamp  with  an  ap¬ 
plied  voltage  of  60  volts  is  240  ma  or 
0.24  amp.  The  necessary  resistance 
R  is  therefore  60/.24  =  250  ohms. 


Fig.  1 — Circuit  diagram  oi  a  typical  non¬ 
linear  Wheatstone  Bridge.  The  symbol 
Rf,  indicates  the  non-linear  resistance  ele¬ 
ments  and  e  represents  the  output  eoltoge 
of  the  deTice 


Fig.  2 — Voltage-current  characteristics  oi 
the  linear  and  non-linear  elements  oi  the 
Wheatstone  Bridge 


It  must  be  able  to  dissipate  60x.24 
=  14.4  watts. 

However,  this  does  not  answer  the 
question  how  much  control  voltage 
(e)  is  available,  if  Eo  changes  by  an 
amount  SE.  The  problem  can  be 
solved  in  a  simple  manner.  In  Fig.  2 
OP  represents  the  lamp  character¬ 
istic,  and  SP  represents  the  volt- 
ampere  characteristic  of  R,  plotted 
from  right  to  left,  with  S  as  the  zero 
point.  With  Eo  applied  to  the  com¬ 
bination  and  R  of  the  value  as  cal¬ 
culated  in  the  previous  paragraph, 
the  voltage  OQ  across  the  lamp  will 
equal  the  voltage  SQ  across  the  re¬ 
sistor,  both  being  Eo/2,  while  (^P 
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Fiq.  3 — D'lTision  oi  three  frequency  ranges  along  the  structure 
of  the  polyfibrous  cone 


Fig.  4 -  Cross-sectional  scale  view  of  the  cone  and  magnet 
structure.  The  magnet  weighs  450  pounds,  including  the  coil 


voice-coil  excursions,  work  was  car¬ 
ried  on  from  several  anjrles. 

The  voice  coil  is  wound  with  alu¬ 
minum  ribbon  to  provide  less  weight 
than  copper  for  equivalent  current 
carrying  capacity.  The  ribbon  form 
permits  better  utilization  of  winding 
sitace  with  a  reduction  in  the  num¬ 
ber  of  turns  required  and  a  smaller 
gap  with  resulting  increased  flux 
dt'nsities  for  a  given  weight  of  mag¬ 
net  metal. 

The  next  step  was  to  provide  the 
means  for  coupling  this  coil  to  the 
diaphragm;  a  means  which  must 
provide  light  weight,  great  rigidity 
( to  transmit  minute  forces  with  the 
minimum  of  loss  through  compli¬ 
ance),  freedom  from  warping,  im¬ 
perviousness  to  heat  and  moisture. 
Fortunately,  development  work  in 


the  laboratory  had  just  been  com¬ 
pleted  on  a  voice-coil  form  of  a  metal 
named  “Acim”.  This  material  is 
highly  tempered  and  provides  a 
higher  ratio  of  stiffness  and  tensile 
strength  to  weight  than  any  form 
material  encountered.  As  a  result 
of  this  development  it  was  possible 
to  reduce  the  voice-coil  form  to 
paper  thinness  and  still  retain  more 
than  adequate  rigidity  and  strength 
to  withstand  the  high  shock  loads 
imposed  on  the  moving  system.  This 
also  meant  further  reduction  in  gap 
width,  together  with  increased  heat 
dissipation  and  consequently  im¬ 
proved  power-handling  ability  for 
the  voice  coil. 

Turning  to  the  cone,  there  are 
obviously  other  considerations  in¬ 
volved  than  solely  that  of  least  pos¬ 


sible  mass.  The  w^eight  of  a  27-incn 
cone  produces  an  inertia  value  in 
exce.ss  of  the  stiffness  factors  of  any 
known  tyi^s  of  paper.  As  a  result, 
in  experimental  tests  employing 
standard  papers  there  was  found  the 
usual  tendency  for  the  cone  to  break 
up  into  various  nodes  of  active  and 
inactive  areas  which  shifted  con¬ 
tinually  with  frequency.  In  addition 
the  high-frequency  waves  evidenced 
a  natural  tendency  to  travel  over  the 
cone  surface  and  be  reflected  back 
by  the  rim.  One  result  of  this  was 
to  prolong  transient  impulses;  an¬ 
other  was  to  produce  non-linear  re¬ 
sponse  due  to  the  varying  phase 
relationships  between  exciting  and 
reflected  waves. 

Reference  to  Fig.  2,  Curve  3, 
shows  the  response  characteristic 
of  a  speaker  using  a  cone  of  standard 
paper.  Curve  2  of  this  same  figure 
shows  the  improvement  accomplished 
through  substitution  of  a  special 
polyfibrous  cone  material  used  in  the 
27-inch  unit.  This  has  the  effect  not 
only  of  extending  the  frequency 
respon.se  range  but  of  improving 
linearity. 

The  structure  of  this  special  mate¬ 
rial  is  such  that  its  compliance 
varies  gradually  from  extreme  stiff¬ 
ness  at  the  apex  to  considerable  sup- 
jileness  at  the  rim.  The  stiff  apex 
area  reproduces  all  impressed  fre- 
(juencies,  as  indicated  in  Zone  C,  Fig. 
3,  which  illustrates  in  simple  form 
the  condition  resulting  when  fre- 
(jnencies  of  7000,  1000  and  100  cps 
are  impressed  simultaneously  on  this 
type  of  cone.  The  more  compliant 
surrounding  structure  .serves  to  ab¬ 
sorb  the  7000-cycle  frequency,  sub¬ 
stantially  confining  its  reproduction 
to  a  definitely  pre.scribed  area  just 
adequate  to  provide  the  small  re- 


Fig.  5 — The  field  coil,  shown  in  com¬ 
parison  with  a  12-inch  engineer's  rule. 
Flux  density,  21,000  lines  per  sq  cm 
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DESIGN  of  a 
27-inch  LOUDSPEAKER 


For  the  Lagoon  of  Nations  Display  at  the  N.  Y.  World’s  Fair,  2000  watts  of  audio  power  are 
handled  hy  a  group  of  dynamic  loudspeakers  of  extremely  large  size  and  high  power-handling 
capacity.  Details  of  tlie  design,  including  provision  for  •^i-ineh  voice-coil  travel,  are  here  described 


By  R.  T.  BOZAK 

Chief  Engineer 

United  Teletone  Corp. — Cinaudagraph 

ONE  of  the  problems  associated 
with  the  Lagoon  of  Nations 
displayed  at  the  New  York  World’s 
Fair  was  to  estimate  the  noise  level 
resulting  from  location  of  the  loud¬ 
speaker  system  in  the  center  of  the 
great  fountain  display.  The  sound 
had  not  only  to  penetrate  the  cur¬ 
tain  of  water,  but  to  ride  sufficiently 
above  the  noise  to  provide  coverage 
of  crowds  of  100,000  or  more  spread¬ 
ing  in  a  great  oval  with  its  inner 
edge  an  average  of  some  200  feet 
from  the  loudspeaker  location. 

The  solution  of  this  problem  w'as 
found  in  the  installation  of  very 
large  27-inch  dynamic  loudspeakers 
developed  especially  for  the  job. 
These  units,  so  far  as  is  knowm, 
represent  one  of  the  most  ambitious 
undertakings  in  loudspeaker  develop¬ 
ment  to  date.  The  large  size  was 
dictated  by  the  desire  to  use  a  small 
number  of  individual  units.  Where 
large  volume  of  sound  is  to  be  han¬ 
dled  there  are  distinct  advantages 
in  utilizing  the  smallest  possible 
number  of  reproducer  units.  If  the 
angle  of  coverage  is  such  that  it  can 
be  handled  by  a  single  high-power 
speaker  rather  than  a  cluster  of 
smaller  ones,  definite  reductions  in 
both  phase  and  amplitude  distortion 
are  often  possible.  Large  cone  area 
is  obtained  in  either  case  but  a 
single  large  cone  handling  the  entire 
power  has  greater  travel-amplitude 
and  the  resulting  higher  velocity 
provides  improved  propulsion  on  low- 
frequency  transients. 

In  the  loudspeaker  under  discus¬ 
sion,  for  instance,  the  voice  coil 
moves  over  a  range  of  three-quarters 


of  an  inch  under  full  low-frequency 
load.  The  result  of  this  piston  action 
on  the  air  is  to  impart  to  the  listen¬ 
ers  a  combination  of  feeling  and 
sound  the  same  as  do  a  beaten  bass- 
drum  or  the  rumbling  notes  of  the 
great  organ,  providing  a  highly  im¬ 
pressive  sense  of  realism. 

A  question  naturally  arises  as  to 
whether  a  large  moving  structure 
of  such  great  mass  and  capable  of 
such  swing  amplitude  can  at  the 
other  extreme  follow^  the  extremely 
rapid  reversals  and  minute  move¬ 
ments  involved  in  the  reproduction 
of  a  10,000  cycle  tone.  The  answer 
is  perhaps  best  provided  by  the 
sound  pressure  characteristic  of  this 
speaker  as  shown  in  Fig.  1. 

Such  wide  and  flat  response  is  not 


obtained  without  special  measures 
involving  materials  and  design,  both 
electrical  and  mechanical.  Mass  must 
be  held  to  a  minimum  if  the  flux 
requirements  are  to  be  kept  within 
practical  limits  becau.se  it  is  only 
by  maintaining  a  high  ratio  of  mag¬ 
netomotive  force  (in  the  voice  coil) 
to  mass  that  effective  operation  is 
obtainable. 

The  Voice  Coil 

In  order  to  reduce  mass  to  a 
practical  minimum,  at  the  .same  time 
producing  a  moving  structure  cap¬ 
able  of  withstanding  the  strain  (pro¬ 
portionately  far  greater  than  in 
smaller  speakers)  to  which  it  is  sub¬ 
jected  by  the  high  power  and  wide 


4  6  1000  2 


Frequency -cps 


Fiq.  1 — Orerall  frequency  re¬ 
sponse  characteristic  of  the 
final  form  of  the  speaker,  in¬ 
cluding  baffle 

Fig.  2  —  Effect  of  different 
cone  materials  and  magnet 
structures  on  frequency  re 
sponse  curves.  The  final 
speaker  employed  hyper-iron 
and  the  high-fidelity  cone 
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Institute  of  Radio  Engineers 
Fifteenth  Annual  Convention 

June  27,  28.  and  29,  1940,  Hotel  Statler,  Boston,  Massachusetts 
Program  of  Technical  Papers 


THURSDAY,  JUNE  27 

10:00  A.  M.— 12:00  NOON.  BALLROOM 

"Marine  Radiotelephone  Design"  by  H.  B.  Martin.  Radio¬ 
marine  Corp. 

"SO-Kilowatt  Air-Cooled  Broadcast  Transmitter"  by  R.  N. 
Harmon.  Westinghouse. 

"RCA-NBC  Orthacoustic  Recording"  by  R.  A.  Lynn  and 
B.  F.  Fredendall.  National  Broadcasting  Company. 

"Instrument  Production"  by  E.  H.  Locke.  General  Radio  Co. 

8:00  P.  M.— 9:30  P.  M.  ROOM  10  250,  M.l.T. 

Popular  Lecture  "Microwares — Present  and  Future"  by 
Massachusetts  Institute  of  Technology  Group. 

FRIDAY,  JUNE  28 

10:00  A.  M.— 12:30  P.  M.,  BALLROOM 

"Ultra-Short-WoTe  Tronsmission  orer  a  Fixed  Optical  Path" 
by  C.  R.  Englund,  A.  B.  Crawiord,  and  W.  W,  Mumiord. 
Bell  Labs. 

"Centimeter-Wave  Detector  Measurements  and  Periorm- 
ance"  by  E.  G.  Linder  and  R.  A.  Braden.  R.C.A. 

"The  Inductive-Output  Tube-Characteristics  and  Perform¬ 
ance"  by  Bernard  Salsberg.  R.C.A. 

"A  New  Ultra-FTigh-Frequency  Tetrode  and  its  Use"  by 
A.  K.  Wing,  Jr.,  and  J.  E.  Young.  R.C.A. 

"Available  High-Mutual-Conductance  Tubes"  by  E.  W. 
Schafer  and  E.  R.  Jervis,  National  Union. 

"An  Ultra-High-Frequency  Dosemeter-Diatherm"  by  J.  D. 
Kraus  and  R.  W.  Teed,  University  of  Michigan. 

"Sparking  of  Oxide-Coated  Cathodes  in  Mercury-Vapor- 
Filled  Tubes"  by  J.  W.  McNall,  Westinghouse. 

10:00  A.  M.— 12:30  P.  M.,  GEORGIAN  ROOM 

"Recent  Advances  in  the  Design  of  Cathode-Ray  Oscillo¬ 
graphs"  by  P.  S.  Christaldi.  DuMont  Lobs. 

"Oscilloscope  Patterns  of  Domped  Vibrations  of  Quartz 
Plates"  by  H.  A.  Brown,  University  of  Illinois. 

"A  Method  of  Measuring  the  Magnetic  Properties  of  Small 
Samples  of  Transformer  Laminations"  by  H.  W.  Lamson. 
General  Radio  Co. 

"A  Radio-Frequency  Bridge  for  Measurements  up  to  30 
Megacycles"  by  D.  B.  Sinclair,  General  Radio  Co. 

"Coil  Reactance  in  the  100-Megacycle  Region"  by  Ferdi¬ 
nand  Hamburger,  Jr.  and  C.  F.  Miller,  Johns  Hopkins 
University. 

"A  New  Electron  Microscope"  by  L.  Marton,  M.  C.  Banco, 
and  J.  F.  Bender.  R.C.A. 

"Stable  Power  Supplies  for  the  Electron  Microscope"  by 
A.  W.  Vance,  R.C.A. 

2:00  P.  M.— 5:00  P.  M.,  BALLROOM 

"Aircraft  Antennas"  by  G.  L.  Haller,  Wright  Field. 

"Rain  and  Snow  Static"  by  H.  K.  Morgan.  T.WJV. 

"Ultra-High  Frequencies  in  Air-Transport  Communication" 
by  J.  G.  Flynn,  Jr..  American  Airlines. 

"Microwave  Beams  lor  Instrument  Landing  of  Airplanes" 
by  W.  L.  Barrow.  M.l.T. 


'A  Microwave  Receiver  for  Instrument  Landing"  by  F.  D. 
Lewis.  M.l.T. 

"Panoramic  Reception"  by  Marcel  Wallace. 

"Radio  Navigation  ond  the  Omnidirectional  Radio  Range" 
by  D.  G.  C.  Luck.  R.CJ4. 

2:00  P.  M.--4:00  P.  M..  GEORGIAN  ROOM 

"Optimum  Conditions  for  the  Operation  of  a  Class  C  Am¬ 
plifier"  by  E.  L.  Chaffee,  Harvard. 

"Power-Tube  Perlormonce  as  Influenced  by  Harmonic 
Voltage"  by  R.  I.  Sarbacher,  Harvard. 

"High-Efficiency  Frequency  Doublers"  by  J.  E.  Shepherd, 
Harvard. 

"Space-Charge  Relations  in  Triodes  and  the  Characteristic 
Surface  of  Large  Vacuum  Tubes"  by  E.  L.  Chaffee. 
Harvard. 

"Equivalent  Electrostatic  Circuits  for  Vacuum  Tubes"  by 
W.  G.  Dow,  University  of  Michigan. 

"Water  and  Forced-Air  Cooling  of  Vacuum  Tubes  with 
External  Anodes"  by  I.  E.  Mouromtseff.  Westinghouse. 
"Large  Air-Cooled  Tubes  in  50-Kilowatt  Transmitters"  by 

I.  E.  Mouromtseff  and  W.  G.  Morgan.  Westinghouse. 

4:00  P.  M.— 5:30  P.  M.,  GEORGIAN  ROOM 

Informal  discussion  on  "Power  Tube  Operating  Character¬ 
istics  and  Ratings"  led  by  E.  L.  Chaffee. 

SATURDAY,  JUNE  29 

10:00  A.  M.— 12:30  P.  M..  BALLROOM 

"A  Portable  Television  Transmitter"  by  C.  D.  Kentner, 
R.C.A. 

"Small  Iconoscopes  of  Recent  Design"  by  W.  H.  Hickok. 
R.CJ4. 

"A  New  Method  of  Synchronisation  for  Television  Sys¬ 
tems"  by  T.  T.  Goldsmith.  R.  L.  Campbell,  and  S.  W. 
Stanton.  DuMont  Lobs. 

"Synchronising  and  Deflection  Circuits  of  a  Television  Re¬ 
ceiver"  by  R.  E.  Moe,  G.E. 

"A  Type  of  Light  Valve  for  Television  Reproduction"  by 

J.  S.  Donal,  Jr.,  and  D.  B.  Langmuir,  R.CJl. 

"Television  Radio  Relaying"  by  F.  H.  Kroger,  Bertram 

Trevor,  and  J.  E.  Smith,  R.C.A. 

"The  Influence  of  Filter  Shape-Factor  on  Single-Sideband 
Distortion"  by  J.  C.  Wilson  and  H.  A.  Wheeler,  Hazeltine. 

1:45  P.  M.— 4:30  P.  M.,  BALLROOM 

"Interference  Between  Stations  in  Frequency -Phase  Modu¬ 
lation  Systems"  by  Dale  Pollack. 

"Interference  Between  Two  Frequency-Modulated  Signals" 
by  Stanford  Goldman,  G.E. 

"A  New  Broadcast  Transmitter  Circuit  Design  for  Fre¬ 
quency  Modulation"  by  J.  F.  Morrison,  Bell  Labs. 
"Frequency-Modulation  Systems  Characteristics"  by  M.  L. 
Levy,  Stromberg-Carlson. 

"National  Broadcasting  Company's  Field  Test  of  Frequency 
Modulation"  by  R.  F.  Guy  and  R.  M.  Morris. 
"Demonstration  of  Frequency -Modulated  Wave  Broadcast¬ 
ing  Systems"  by  E.  H.  Armstrong  and  P.  A.  deMars. 
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Fig.  6 — Assembled  magnet  structure  show* 
ing  gap  for  voice  coil.  By  the  use  of  a 
very  thin  metal  form  for  the  voice  coil 
and  small  gap  clearance,  high  flux 
density  is  achieved 

Fig.  7 — The  speaker  completely  assembled. 
Excepting  size,  the  main  physical  differ¬ 
ence  compared  with  smaller  speakers  is 
the  large  size  of  the  magnet  pot  relative 
to  the  cone  housing 


quired  coupling  to  the  air.  This  ab¬ 
sorption  prevents  the  waves  from 
reaching  the  rim  and  thus  avoids  re¬ 
flection.  In  Zone  B  both  the  1000  and 
100-cycle  tones  are  reproduced  but 
beyond  this  zone  the  1000-cycle  fre¬ 
quency  is  absorbed.  Here  again  the 
area  of  Zones  B  and  C  are  sufficient 
to  provide  proper  coupling  to  the  air 
for  this  1000-cycle  frequency.  In 
Zone  A  only  the  100-cycle  frequency 
is  present  and  this  area  is  isolated 
from  the  rim  by  compliance  rings 
and  by  the  action  of  the  fibers  of  a 
felt  rim  construction. 

Actually  this  cone  is  not  limited  to 
three  gradations  of  compliance,  nor 
are  the  areas  of  different  compliance 
sharply  defined.  The  variation  is  a 
gradual  one  such  that  any  frequency 
will  be  provided  with  active  area  to 
provide  correct  air  coupling  but  be¬ 
yond  the  limits  of  that  area  the 
energy  is  dissipated  in  the  form  of 
frictional  heat  developed  in  the  com¬ 
pression  and  stretching  of  the  fibers 
in  the  more  compliant  areas.  In  ad¬ 
dition  to  the  prevention  of  rim  re¬ 
flection  this  cone  design  provides 
high  damping  and  as  a  result  there 
is  no  troublesome  overhang. 


maintained  at  high  level  because  al¬ 
though  the  amplitude  of  travel  of 
the  voice  coil  is  minute,  terrific 
velocities  are  attained  and  to  change 
the  direction  of  such  rapidly  moving 
mass  involves  considerable  force. 

An  interesting  illustration  of  the 
difference  in  response  characteristics 
obtainable  through  improvement  in 
magnet  design  is  found  by  referring 
to  Fig.  2.  Curves  1  and  2  are  for  the 
same  moving  structure  but  with  dif¬ 
ferent  magnets.  Not  only  was  over¬ 
all  efficiency  increased  but  due  to  a 
characteristic  of  the  special  iron  em¬ 
ployed,  the  voice-coil  impedance  was 
maintained  substantially  constant  up 
to  10,000  cps,  with  consequent  radi¬ 
cal  improvement  of  respon.se  at  this 
end  of  the  range.  In  the  final  27- 
inch  speaker  this  special  iron  is 
utilized. 

Figure  4  shows  a  section  of  the 
entire  27-inch  speaker  assembly  with 
details  of  the  design  which  provides 
flux  density  of  21,000  lines  per  sq 
cm  in  th%  gap.  Such  is  the  concen¬ 
tration  of  magnet  metal  that  the 
complete  pot  with  field  coil  weighs 
clo.se  to  450  pounds,  of  -vv’hich  the 
copper  in  the  field  coil  contributes 
65  pounds.  The  front  plate  of  the 
magnet  required  special  attention  in 
order  to  maintain  flux  uniform  even 
beyond  the  edges  of  the  gap  so  that 


The  Magnet 

Having  achieved  a  moving  struc¬ 
ture  of  the  required  characteristics 
there  remained  the  problem  of  pro¬ 
viding  adequate  magnetic  flux  to 
drive  this  large  surface  at  the  high 
velocities  required,  particularly  in 
the  reproduction  of  strong  bass  tran¬ 
sients  in  which  long  axial  travel  of 
the  voice  coil  is  involved.  At  the  very 
high  frequencies  it  is  also  essential 
that  the  magnetomotive  force  be 


voice-coil  excursions  of  3-in.  in  each 
direction  could  be  experienced  with¬ 
out  variation  of  the  field  density. 
To  accomplish  this  the  front  ring 
takes  the  unusual  shape  shown,  ex¬ 
tending  as  far  as  possible  in  the 
forward  direction  with  just  enough 
clearance  to  prevent  being  struck  by 
the  cone  during  maximum  move¬ 
ments. 

Also  of  interest  in  F''ig.  4  is  the 
detail  of  the  felt  rim  assembly.  It 
will  be  noted  that  compliance  rings 
are  provided  only  at  the  edge  of  the 
cone,  the  graduated  compliance  of 
the  cone  material  itself  making  them 
unneces.sary  at  other  points.  In  ad¬ 
dition  to  the  rings  a  felt  backing  is 
also  provided.  This  has  been  found 
to  offer  definite  advantages  in  rapid 
damping  of  the  lower  frequencies, 
particularly  in  the  ca.se  of  powerful 
transients  where  hangover  would  be 
serious.  The  voice  coil  diameter  is 
6  inches,  and  the  pot  diameter  14 
inches. 

The  curve  of  Fig.  1  shows  the 
response  characteristic  of  the  final 
development  mounted  in  a  12(Hi 
cubic-foot  closed  baffle.  It  will  be 
noted  that  the  response  is  flat  within 
8  db  from  28  to  10,000  cps. 

This  speaker  is  intended  primar¬ 
ily  for  mounting  on  a  flat  batlle 
(open  or  clo.sed)  of  suitable  dimen¬ 
sions.  With  such  a  baffle  the  efli- 
ciency  is  high  and  the  freipiency 
respon.se  approximately  that  of  Fig. 
1.  Thus  for  normal  high-power,  high 
fidelity  sound  installations  this  com¬ 
bination  provides  an  extremely  effec¬ 
tive  reproducer  system  and  one  of 
the  utmost  simplicity  inasmuch  as  it 
avoids  the  complications  of  space 
phasing  where  .several  speakers  are 
employed  and  of  properly  blending 
the  outputs  of  tweeter  c(  mbinations. 

Where  higher  efficiency  is  re¬ 
quired  (the  efficiency  of  this  speaker 
is  already  approximately  6  per  cent 
higher  than  the  typical  smallei 
speaker)  it  can  be  economically  oli- 
tained  through  the  use  of  a  horn 
baffle  of  good  design.  Such  increa.sed 
efficiency  will  be  limited  to  the  low- 
frequency  end  of  the  range  and  the 
addition  of  one  or  more  auxiliarc 
high-frequency  speakers  will  be  ri  - 
quired  to  reestablish  an  overall  Ihtt 
respon.se.  But  this  may  prove  more 
economical  than  a  general  increase 
in  power  and  speaker  equipment  suf¬ 
ficient  to  provide  equivalent  ii  - 
creased  output. 
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Fig.  1 — Circuit  diagram  of  the  i-m  receivers  built  for  these  tests.  The  set  is 
essentially  the  some  as  the  table-model  converter  unit  now  available  commercially 


By  M.  L.  LEVYi  Engineer  m  Charge,  Radio  Development,  Strombcrg-Carlaon  Telephone  ilfg.  Co. 


The  results  of  constructing  and 
measuring  four  frequency-modu¬ 
lation  receivers  using  various  degrees 
of  transmitter  swing  provide  the 
material  for  this  article.  The  four 
f-m  receivers  were  built  identically 
in  every  respect  with  the  exception 
of  those  factors  which  changed  when 
various  transmitter  swings  were 
used.  The  specifications  used  in  the 
construction  of  the  receivers  are 
showm  in  the  accompanying  table. 
The  frequency  characteristic  w’as  de¬ 
signed  to  be  flat  to  10,000  cps  within 
6  db  of  that  at  400  cps,  overall.  The 
circuit  of  these  receivers  appears  in 
Fig.  1. 

The  transmitters  used  for  the 
measurements  are  a  Radio  Engi¬ 
neering  Laboratories  1000-watt  unit 
used  in  conjunction  with  W8XVB  in 
Rochester,  N.  Y.,  and  a  unit  built  in 
the  laboratory  of  about  one  watt  out¬ 
put  for  measurement  purposes.  The 
two  transmitters  were  checked 
against  each  other.  The  laboratory 
'Unit  was  used  only  in  those  measure¬ 
ments  which  did  not  require  large 
swings. 

Discussion  of  Measurement  Procedure 
The  transmitters  were  calibrated 
for  frequency  swing  by  beat  meth¬ 


ods  to  determine  what  audio  voltage 
at  the  input  of  the  modulator  was 
necessary  to  produce  the  various 
swings  desired.  The  calibration  was 
made  using  an  audio  frequency  of 
100  cps.  The  actual  calibration  was 
made  by  using  a  wide  band  receiver 
and  an  oscillograph  which  allowed 
for  accurate  indication  of  band 


Fig.  2 — Fidelity,  eeniitivity.  and 
selectivity  curves  of  the  four  re¬ 
ceivers.  The  characteristics  are 
identical  except  in  the  width  of  the 
acceptance  band 


width  along  with  audio  beat  note. 
The  curves  between  frequency  swing 
and  audio  voltage  are  linear  over 
the  ranges  employed  in  the  tests. 

All  audio  frequency  measurements 
were  made  at  the  output  of  the  dis¬ 
criminator  or  the  output  of  the  first 
audio  stage  which  was  a  resistance- 
coupled  stage.  All  noise  measure¬ 
ments  were  taken  using  a  potentiom¬ 
eter  and  an  amplifier,  m  conjunction 
with  a  peak  vacuum  tube  volt¬ 
meter  and  where  necessary  an  oscil¬ 
lograph. 

Harmonic  distortion  measure¬ 
ments  were  made  with  a  General 
Radio  harmonic  ana’.yzer  and  dis¬ 
tortion  factor  meter.  (It  was  found 
that  400-cps  measurements  on  the 
distortion  factor  meter  checked  very 
closely  the  results  of  the  harmonic 
analyzer  and  in  most  cases  tht  se 
measurements  were  used.) 

The  measurements  show: 

1.  The  frequency  characteristics 
(Fig.  2)  of  each  of  the  four  sys¬ 
tems  measured  are  similar  i.e.,  there 
seems  to  be  no  limitation  in  provid¬ 
ing  a  good  frequency  characteristic 
with  any  system  of  transmitter 
swing. 

2.  The  overall  distortion  (Fig.  3) 
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Fig.  4 — Drift  characteristic  of  the 
oscillator  used  in  the  four  test 
receirers 


Fig.  3 — Oeerall  distortion  as  a  function  of  percentage  modulation,  which 
corresponds  with  the  transmitter  swing,  for  the  four  degrees  of  fre¬ 
quency  swing 


Fig.  5 — Signal-noise  ratio  as  a  func¬ 
tion  of  frequency  swing  employed, 
taken  with  filters  to  eliminate  hum 

in  each  case  is  the  same  order  of 
maKtii  tilde. 

The  drift  ( Fi^;.  4)  in  each  of 
the  four  receivers  is  obviously  the 
same  since  that  portion  of  each  re¬ 
ceiver  is  identical. 

4.  From  the  standpoint  of  prac¬ 
tical  operation,  the  drive  ratio  must 
be  increased  proportionately  to  ob¬ 
tain  the  same  “ease  of  tuning”. 

5  The  signal-to-noise  ratio  (Fig. 
5)  decreases  when  the  transmitter 
swing  system  is  reduced.  The  signal 
to  noise  ratio  of  150  kc  swing  sys¬ 
tem  is  about  62  db  (transmitter 
noise  only)  whereas  with  a  trans¬ 


mitter  swing  system  of  30  kc,  the 
signal  to  noise  ratio  is  48  db  and  60 
kc  swing  .system  is  54  db.  The  sepa¬ 
rate  receivers  designed  for  the  vari¬ 
ous  transmitter  swings  were  used 
in  the.se  measurements.  It  is  noted 
here  that  regardless  of  any  external 
noise  these  differences  are  always 
present,  becau.se  under  the  condi¬ 
tions  of  measurements  the  receiver 
noise  at  relatively  strong  signals 
is  not  measureable.  So  that,  under 
ideal  conditions  the.se  measurements 
show  the  optimum  signal-noise  ratio 
obtainable  under  these  various  con¬ 
ditions  of  transmitter  swing.  There 
is  the  possibility  of  reducing  the 
transmitter  noise  .somewhat  in  nar¬ 
row  band  transmitters  but  to  date 
this  has  not  been  accomplished.  Also, 
the  signal-noise  ratio  in  any  given 
system  is  dependent  entirely  upon 
the  amount  of  audio  voltage  avail¬ 
able  which  is,  of  course,  greater 
with  systems  of  greater  transmitter 
swings. 

Figure  6  shows  the  results  of  in¬ 
troducing  fluctuation  and  impulse 
noise.  The  fluctuation  noise  was  gen¬ 
erated  by  using  a  3-stage  amplifier 
at  2100  kc  fed  into  the  modulator 
grid.  The  noise  was  controlled  by 
controlling  the  gain  of  the  amplifier. 
The  noise  was  calibrated  by  means 


of  signal  generator  at  43  Me  and  the 
limiter  grid  current.  The  measure¬ 
ments  were  made  by  means  of  a 
potentiometer  in  the  output  circuit 
of  the  audio  amplifier  tube  and  an 
external  amplifier  following  the  po¬ 
tentiometer.  The  indicator  was  a 
vacuum  tube  voltmeter  and  an  oscil¬ 
lograph.  These  measurements  show 
that  the  wider  the  band  at  the  levels 
used  (which  was  about  300  micro¬ 
volts  of  noise  introduced)  consid¬ 
erably  greater  noise  suppression  is 
accomplished. 

The  amplitude  modulation  curve 
on  Fig.  6  was  obtained  by  converting 
the  30-kc  receiver  to  amplitude  mod¬ 
ulation;  using  the  limiter  as  the 
audio  (amplitude)  detector,  this 
gives  a  direct  comparison  of  f-m  and 
a-m  on  the  same  receiver  under  ex¬ 
actly  the  same  conditions.  The  result 
is  that  for  amplitude  modulation 
100  times  the  carrier  is  required  to 
produce  the  same  noise  reduction 
as  is  obtained  with  f-m  at  150  kc 
swing  w'ith  carrier  over  noise  of  2 
to  1.  Reducing  the  swing  decreases 
the  ratio  relative  to  the  150  kc  case 
but  it  is  shown  that  even  30  kc  swing 
shows  a  substantial  improvement 
over  amplitude  modulation. 

The  impulse  noise  was  generated 
by  means  of  a  vibrator  unit  used 
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Fig.  6 — Signal-noiM  ratio  against  impulso-  and  iluctuation-typo  noisos 
at  various  rolativo  carrior  IotoIs,  lor  various  iroquoncy  swings  and  lor 
amplitudo  modulation 


ordinarily  in  battery  power  supplies. 
This  noise  was  calibrated  in  a  simi¬ 
lar  manner  to  the  fluctuation  noise 
except  that  the  oscillograph  was 
used  exclusively  for  determining 
peak  values.  The  results  here  show 
approximately  the  same  differences 
in  noise  suppression  for  30  kc  and 
150  kc  as  were  found  on  the  fluctua¬ 
tion  noise.  Due  to  the  difficulty  in 
calibration  of  impulse  noise  only  the 
two  extreme  measurements  were 
taken. 

In  a  practical  system  of  150  Jcc 
sw'ing,  a  signal-to-noise  ratio  of  62 
db  is  barely  sufficient  to  provide 
quiet  operation  when  the  audio 
amplifier  and  the  speaker  system 
have  a  flat  characteristic  from  50 
to  10,000  cps.  Therefore,  any  system 
which  is  less  than  62  db  would  be 
correspondingly  poorer  under  any 
conditions.  Reference  is  made  here 
to  the  Stromberg-Carlson  type  480 
receiver  which  when  operated  on  a 
system  of  150  kc  swing  has  a  notice¬ 
able  amount  of  noise  when  the  sys¬ 
tem  is  “wide  open”.  The  type  480  re¬ 
ceiver  has  been  designed  to  provide 
not  only  flat  audio  response  through¬ 
out  the  range  of  50  to  10,000  cps, 
but  also  flat  “acoustic”  response 
measured  by  recognized  methods. 
Any  system  of  less  swing  than  150 
kc  will  further  decrease  the  signal- 
noise  ratio,  so  that  steps  would 
have  to  be  taken  to  reduce  the  over¬ 
all  audio  range  on  account  of  the 
additional  noise.  The  measurements 
as  taken  in  Fig.  5  limit  the  noise 
to  that  of  the  transmitter  only,  when 
the  signal  is  amply  strong  to  operate 
the  “limiter”  solidly.  The  fact  which 
suggests  itself  is  that  the  trans¬ 
mitters  must  be  made  quieter  than 
they  are  at  present  to  do  justice 
to  the  system  even  at  a  transmitter 
swing  of  150  kc.  This  work  is  being 
done  and  a  further  noise  reduction 
of  10  db  in  the  transmitter  is  now 
possible  which  will  greatly  improve 
the  system.  Any  system  of  less 


swing  than  150  kc,  moreover,  reduces 
the  possibility  of  future  develop¬ 
ment  for  better  quality  at  lower  cost, 
since  each  time  the  transmitter 
swing  is  reduced,  the  audio  output 
available  at  the  receiver  is  less 
and  the  noise  remains  about  the 
same  at  the  transmitter  with  the 
result  that  reduction  of  the  higher 
frequency  response  is  necessary  to 
keep  the  noise  down  to  a  practical 
level. 

The  factors  in  receiver  design 
which  contribute  to  the  signal  noi.se 
ratio  are  as  follows: 

The  sensitivity  of  the  receiver, 
which  allows  the  limiter  to  operate 
at  a  definite  point.  The  f-m  receiv¬ 
ers  because  of  their  inherent  noi.se 
reducing  features  are  designed  for 
much  greater  sensitivity  than  would 
be  possible  in  an  a-m  system.  The 
reason  for  this  is  that  the  tube 
noises  of  a  receiver  are  of  amplitude 
variety  and  are  not  detected  by  the 
frequency  detector.  Therefore,  the 
greater  the  sensitivity,  the  quicker 
the  receiver  is  rendered  quiet  by  low 


field  strengths,  by  its  limiter  and 
detector  action.  It  also  follo^vs  that 
a  much  weaker  signal  is  u.sable  with 


noise  ratio  aa  a  lunrtion  ol  input 
signal  strength 

an  f-m  receiver  than  with  an  a-m 
receiver  at  the  same  frequency.  Sen¬ 
sitivity  contributes  to  noi.se  in  an 
amplitude  modulated  receiver  and 
reduces  noise  in  a  frequency-n'od- 
ulated  receiver.  Therefore,  frequency 
modulation  receivers  must  be  <iiiite 
sensitive  to  reduce  receiver  and  ex¬ 
ternal  noises  at  low  field  strength. 
Commercial  receivers  of  the  future 
will  probably  have  sensitivities  of  the 
order  of  10  microvolts  for  full  lim¬ 
iting.  Figures  7  and  8  show  the 
noise  ratio  and  limited  output  volt¬ 
age,  respectively,  at  various  input 
signal  levels. 


Transmitter  Total  Swing . 

30  kc 

60  kc 

120  kc 

150  kc 

Assumed  Channel  idth  (Total) . 

to  kc 

80  kc 

160  kc 

200  kc 

Selectance  Ratio  =  5@7 .  . 

±20  kc 

±  to  kc 

±80  kc 

±100  kc 

Selectance  Ratio  =  2@' . 

±15  kc 

±30  kc 

±60  kc 

±75  kc 

Harmonic  Distortion  at  full  swing .... 

5% 

5% 

3% 

flC/ 

•>  /c 

Tuning  Range . 

10-44  Me 

40-14  Me 

40-41  Me 

10-41  Me 

Discriminator  Characteristics  linear  for 

±15  kc 

±30  kc 

±60  kc 

±75  kc 
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Fig.  8 — Limiter  operation,  measured  as  output  carrier  voltage  in  terms 
of  input  signal  at  the  ireguency-converter  grid 


Figure  9  shows  the  result  of  oper¬ 
ating'  two  transmitters  on  the  same 
frequency.  The  measurement  was 
made  by  tuning'  in  a  sijrnal  50  per 
cent  modulated  (one  half  the  total 
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undesired,  the  interfering  signal  is 
reduced  about  26  db  (this  checks 
very  closely  with  the  curves  of 
fluctuation  noise).  At  the  other  ex¬ 
treme,  30  kc  swing,  about  15  times 
the  signal  is  required  to  produce  26 
db  reduction  of  the  interfering  sig¬ 
nal. 

Two  Stations  on  Adjacent  Channels 

Figure  10  shows  the  results  of 
adjacent  channel  measurements.  In 
this,  as  all  other  cases,  the  measure¬ 
ments  were  made  in  a  similar  man¬ 
ner  to  the  two  stations  on  the  same 
channel,  e.xcept  that  the  audio  re¬ 
duction  of  the  desired  signal  was 
plotted. 


The  procedure  was  as  follows:  In 
each  case  50  per  cent  modulation  was 
u.sed  on  the  desired  signal  and  the 
signal  on  the  adjacent  channel  was 
unmodulated  for  the  series  of  curves 
on  the  left  and  100  per  cent  modu¬ 
lated  (that  is,  full  swing  for  the  par¬ 
ticular  .system)  for  the  curves  on 
the  right.  The  results  show  the  re¬ 
duction  of  audio  voltage  of  the  de¬ 
sired  signal  when  the  undesired  sig¬ 
nal  strength  on  the  adjacent  chan¬ 
nel  is  increased.  The  curves  show 
that  the  150  kc  swing  system  pro¬ 
duces  much  less  interference  for  a 
particular  ratio  of  undesired  to  de¬ 
sired  signal  in  all  cases. 

Ease  of  Tuning 

The  American  public  has  been  sup¬ 
plied  to  date  with  receivers  which 
tune  easily  and  quickly.  The  re¬ 
ceiver  designed  for  transmitter 
swing  of  150  kc  tunes  manually  with 
greater  ease  than  the  standard  re¬ 
ceiver  in  the  broadcast  band.  Fur¬ 
ther,  tuning  indicators  can  be  pro¬ 
vided  which  will  be  quite  broad,  and 
accurate  tuning  is  not  a  chore.  Com¬ 
paring  this  to  the  receiver  designed 
for  a  transmitter  swing  of  30  kc,  the 
tuning  is  critical  and  so  are  the  tun¬ 
ing  indicators,  even  with  increased 
drive  ratio.  As  a  matter  of  experi¬ 
ence,  the  receiver  designed  for  trans¬ 
mitter  swing  of  150  kc  can  be  tuned 
quite  readily  without  a  tuning  indi¬ 
cator.  The  receiver  designed  for 
transmitter  swing  of  30  kc  would 
not  be  practical  at  the  present  state 
of  development  without  a  tuning  in- 
(Continued  on  page  97) 


Fig.  9 — Ratio  oi  undetired  to  de¬ 
sired  signal  on  the  same  channel, 
ior  various  carrier  levels  and  fre¬ 
quency  swings 

.swing)  called  the  undesired  signal. 
Thi  s  signal  level  was  held  constant. 
Th<‘  desired  signal  on  the  same  fre¬ 
quency  was  then  applied  unmodu¬ 
lated  and  the  reduction  in  audio  volt¬ 
age  of  the  undesired  signal  was 
tnea.sured  as  the  desired  signal 
strtiigth  was  increased.  Figure  9 
is  plotted  in  db  similar  to  signal- 
noi.'c  ratio  characteristics.  This 
method  of  measurement  was  used 
because  of  the  better  accuracy  ob¬ 
tainable  with  existing  equipment. 
The  curves  show  that  with  150  kc 
transmitter  swing  system,  when  the 
desired  signal  is  twice  that  of  the 


Fig.  10 — Ratio  of  undesired  to  desired  signals  on  adjacent  channels, 
with  channel  separations  33  per  cent  larger  than  the  frequency  swing. 
At  left  with  unmodulated  undesired  signal,  right  with  100  per  cent 
modulation,  desired  signal  modulated  50  per  cent  in  both  cases 
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A  Picture  Signal  Generator— 111 


In  this  third  installment  the  mixing  amplifier,  which  comhines  the  synchronizing,  blank¬ 
ing,  and  picture-signal  components,  is  described  togetlier  with  a  line  amplifier.  The 
shading-signal  generator,  which  produces  compensation  for  the  dark-spot  is  also  discussed 


IT  is  the  function  of  the  mixing 
amplifier  to  assemble  the  various 
components  of  the  video  signal,  with 
the  exception  of  the  shading  voltages. 
The  shading  signal  is  best  inserted 
in  the  video  preamplifier  where  it 
can  be  inserted  at  as  low  a  level  as 
possible.  The  major  portion  of  the 
amplitude  characteristic  of  subse¬ 
quent  amplifiers  may  then  be  devoted 
to  the  amplification  of  the  corrected 


By  J.  A.  Brustman  and 
M.  P.  Wilder 

.t  iiirriciin  7'i‘h  i  iiiion  Cor/ittniliou 


video  signal  without  danger  of  over¬ 
load  and  the  resultant  loss  in  pic¬ 
ture  contrast,  which  would  occur  if 
the  shading  signals  were  inserted 
at  a  later  point  near  the  end  of  the 
video  amplifier  chain. 


Shading  signals  are  necessary  to 
suppress  spurious  signals  inherent 
in  the  operation  of  the  conventional 
iconoscope.  These  signals  must  be 
neutralized  or  bucked  out  by  volt¬ 
ages  of  similar  waveform  but  op¬ 
posite  in  phase.  The  shading  unit  to 
be  described  in  this  article  is  cap¬ 
able  of  developing  a  wide  variety  of 
waveforms  all  equal  in  frequency  to 
either  the  line  or  the  field  frequency. 


Fi?.  1 — Mixing  amplifier  and  regulated  power  eupply.  The  power  supply  shown  also  serves  the  shading-signal  generator 
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Flq.  2 — Front  and  rear  Tiewt  oi  the  mixing  ampiiiier  chaatie  and  its 
regulated  power  supply.  This  equipment  combines  the  sync  signals, 
blanking  signals,  and  the  output  oi  the  camera  into  the  rideo  signal 


Fig.  3 — Coupling  circuits  ior  video  ampliiiers  (A) 
series  peaking.  (B)  combined  coupling  network 


Fig.  4 — Left  iront  ond  rear  views  of  the  line  ampli¬ 
fier.  The  switches  allow  the  selection  oi  either  the 
televison  receiver  or  the  output  of  the  local  camera 
and  generator 


These  may  be  controlled  as  to  ampli¬ 
tude  and  phase  and  as.sembled  for 
in.sertion  in  the  cathode  circuit  of 
the  first  tube  of  the  preamplifier. 
The  proper  waveform  will  be  dic¬ 
tated  by  whatever  is  necessary  to 
balance  dark  spots  appearing  on  the 
picture  monitor  tube  and  at  the  .same 
time  allow  maximum  contrast  or 
range  of  tones  in  the  picture. 

The  picture  component  of  the 
video  signal,  complete  with  the  shad¬ 
ing  signals,  is  obtained  from  the 
output  impedance  of  the  cathode- 
coupled  stage  (cathode  follower)  in 
the  camera  preamplifier  and  trans¬ 
mitted  by  coaxial  cable  from  an 
apparent  60-ohm  source  to  the  input 
of  the  mixing  amplifier.  The  output 
of  the  camera  preamplifier  is  of  the 
order  of  0.1  volt.  It  is  applied  to 
the  grid  of  tube  No.  1  in  Fig.  1  and 
controlled  as  to  amplitude  by  the 
potentiometer  across  the  sixty-ohm 
terminating  resistor. 

The  first  stage  in  the  mixing  amp¬ 
lifier  serves  to  amplify  the  output 
of  the  preamplifier  and  apply  it  as  a 
negative  signal  to  the  grid  of  the 


.second  tube  in  whose  plate  circuit 
the  blanking  pulses  will  be  inserted. 
The  polarity  of  the  blanking  pulse  on 
the  grid  of  tube  5  is  positive.  The 
plate  of  this  tube  is  connected  part 
way  up  the  load  resistor  of  tube  2. 
It  is  quite  important  to  assemble 
signals  in  the  proper  phase  relation. 
Furthermore,  as  we  wish  to  clip  the 
top  off  the  blanking  pulse  in  tube  3 
by  driving  its  grid  beyond  plate  cur¬ 
rent  cutoff,  the  blanking  pulses  must 
be  negative  in  sign.  It  will  be  noted 
that  series  peaking  of  the  high  fre¬ 
quencies  and  anode  compensation  of 
the  low  frequencies  by  suitable 
choice  of  decoupling  resistors  and 
bypass  condensers  is  used  (see  Kim¬ 
ball  and  Seeley,  RCA  Review,  Janu¬ 
ary  1939).  The  supersync  is  added 
in  the  plate  of  tube  3  by  insertion  in 
the  plate  circuit  of  tube  6  again  by 
the  common  anode  resistor  method. 
The  amplitudes  of  both  blanking  and 
supersync  are  determined  by  poten- 
iometers  in  the  grid  circuits  of  tubes 
5  and  6. 

The  output  of  type  3  plus  the 
supersync  is  then  applied  to  the  grid 


of  the  output  stage,  then  cathode- 
coupled  to  the  grid  of  the  line-amp¬ 
lifier  first  stage.  It  will  be  noted 
that  a  separate  grid-bias  rectifier  is 
included  in  the  regulated  power  sup¬ 
ply.  The  B  supply  is  similar  to  that 
shown  in  Fig.  5  of  the  first  article 
of  this  series.  It  is  reprinted  here 
in  the  interest  of  clarity  as  there 
were  several  drafting  errors  in  the 
circuit  diagram  shown  in  the  first 
article. 

The  line  amplifier  consists  of  three 
stages  and  a  cathode  coupled  output 
stage  which  feeds  the  final  two 
stages  as  well  as  tw'o  other  sources 
such  as  the  kinets,  in  different  parts 
of  the  laboratory  and  the  r-f  modu¬ 
lator  and  oscillator  on  45.25  Me  for 
the  receiver  design  test  department. 
The  output  stage  feeding  the  kinet  is 
unique  in  that  it  employs  a  very  high 
load  resistor  for  the  band  width  of 
6  Me.  This  is  possible  by  employing 
an  M-derived  ^-section  plus  a  full 
constant-K  section  filter.  If  this 
type  of  coupling  is  employed  careful 
measurement  of  all  L,  C,  and  R 
values  is  necessary.  If  a  similar  fil- 
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ter  is  employed  the  circuits  in  Fig. 
3B  should  be  used.  This  filter  is  suit¬ 
able  for  an  output  stage  but  not 
recommended  for  more  than  two 
cascaded  stages  since  cumulative 
phase  shift  will  become  excessive 
and  no  longer  proportional  to  fre¬ 
quency. 

Formulas  for  series  peaking 

The  circuits  in  Fig.  3A  show  repre¬ 
sentative  “series-peaking”  circuits 
used  in  the  video  amplifier.  Among 
the  conditions  which  apply  to  the 
use  of  this  circuit  are: 

(1)  For  the  best  operation  of  this 
filter  Ca  C,  =2.  (2)  The  load  re¬ 

sistor  can  be  placed  on  either  side  of 


the  filter  and  should  be  placed  on  the 
side  with  least  capacitance.  (3)  The 
load  resistance  is 


where 

Cl  =  Cl  Ca 

and  fo  is  the  maximum  video  fre¬ 
quency  to  be  amplified.  (4)  The  in¬ 
ductance  Lj  equals  0.67  Ci  The 
phase  shift,  according  to  Kimball 
.0113 

and  Seeley,  is  — —  seconds  at  fre¬ 
quency  in  Me.  The  capacitances 
must  be  measured  accurately  by  a 
Q  meter  or  some  other  method  and 
additional  capacity  added  to  Ci  or 
C..  to  make  Cj/Ci  =  2. 


The  formulas  given  in  Fig.  3B 
apply  to  the  elements  of  the  M-de- 
rived  plus  constant-K  low  pass  filter, 
referred  to  previously. 

The  filter  may  be  reversed  but  the 
side  containing  the  load  resistor 
section  should  be  placed  across  the 
smaller  residual  capacitance.  As  an 
example  for  a  4.2  Me  cutoff,  the 
values  are  C\.  =  15.2  ppf,  C,  =  12.16 
/i/tf,  C:,  =  8.1  /t/if,  /?..  =  5000  ohms, 
Li  =  379  /th,  L,  =  113.7  /ih. 

Shading  Signal  Generator 

Three  fundamental  wave  forms 
are  available  for  shading:  (1)  60 
and  13,230  cps  sine  waves  whose 
phase  may  be  shifted  continuously 


Fig.  5 — Diagram  of  the  shading-signal  generator,  which  produces  synchronized  sawtooth, 
sine,  and  parabolic  waves  to  remove  the  dark  spot  signal  from  the  iconoscope  output 
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Fig.  6 — The  line  amplifier  which  increases  the  level  of  the  composite 
video  signal  so  that  it  can  control  a  picture  tube  directly 


Fig.  7 — Rear  view  of  the  shading-signal  Fig.  8 — Rear  view  of  the  power  supply  Fig.  9 — Mr.  H.  C.  Kreinick  of  the  Ameri- 

qenerator.  Eight  double-triode  tubes  are  which  provides  voltages  for  the  shading-  can  Television  Corporation  staff,  televised 

used  to  develop  the  correction  signals  to  signal  generator,  as  well  as  for  the  icono-  by  the  equipment  and  reproduced  on  the 

remove  the  dork  spot  scope  sweep  circuits  shown  in  Part  II  monitor  screen 


through  .Sr>0  .  (2)  (>0  and  18,2.‘?0 

t'ps  parabolic  waves  whose  si^rns  and 
amplitudes  are  reversible,  (3)  60 
and  13,230  cjts  sawtooth  waveforms 
whose  si^ns  and  amplitudes  are  re¬ 
versible.  In  the  ^rid  circuit  of 
triode  lA,  F'iK.  ;>.  is  a  network  of 
L,  R.  and  C  .so  arran^red  as  to  shift 
the  phase  and  amplitude  of  the  60 
cycle  ac  arriving  on  the  ^rid  by 
means  of  a  potentiometer.  In  the 
cathode  and  plate  circuit  of  lA  a 
potentiometer  will  allow  control  of 
the  amplitude  and  phase.  The  out¬ 
put  appearin>r  yltimately  on  the  ^rid 
of  tube  6A  alon^  with  all  other  wave 
forms. 

Triode  2A  amplifies  the  13,230  cps 
sine  wave  output  of  the  timer  and 
applies  it  to  a  net  work  for  phase 
shift  by  a  potentiometer  acro.ss  its 
output  in  the  ^rid  of  triode  2B 
where  phase  and  amplitude  can 
ayain  be  shifted  180°  before  passinjr 
on  via  7 A  to  the  assembly  point  at 
the  of  6A. 

Sixty  cycle  sawtoothed  waves 
fi'om  the  iconoscope  sweeps,  .see  Fijr. 


7  article  No.  1  this  series,  is  applied 
to  the  Ki'id  of  3A  to  appear  as  a 
sawtoothed  wave  whose  amplitude  is 
reversible  and  continuously  varia¬ 
ble,  before  applying  to  triode  8A 
ft)r  assembly  and  reappearance  with 
all  others  at  6A.  At  the  same  time 
this  sawtooth  is  predistorted  in  the 
>rrid  of  3B  to  obtain  a  parabolic 
wave  which  is  passed  on  to  tube  6B 
and  amplified  in  like  manner  to  6A. 
The  amplification  is  required  because 
in  distortinjr  the  waveform  the  am¬ 
plitude  is  lowered  and  must  be 
raised  to  the  equivalent  level  of  the 
other  waves  appearing  at  6A. 

Triode  4A  has  appearing  on  its 
>rrid  a  13.230  cps  sawtooth  wave 
which  is  adjustable  in  similar  man¬ 
ner  to  the  others  in  the  plate  of  4A 
and  appears  with  all  others  on  the 
^rid  of  6A.  The  13,230  cps  sawtooth 
waveform  is  also  predistorted  to 
a  parabolic  form  but  in  a  somewhat 
different  way.  In  this  ca.se  in  the 
plate  and  cathode  circuits  to  form 
a  parabolic  wave  which  is  passed 
('ll  via  9A  to  meet  the  others  at  6A. 


The  output  of  6A  enters  on  the  jr^id 
of  a  cathode  follower  for  impedance 
transformation  in  tube  10  and  ap¬ 
pears  in  its  cathode  at  the  point 
marked  output.  A  study  on  an  oscil¬ 
loscope  of  all  the.se  wave  forms  at 
their  origin  and  on  through  their 
respective  paths  will  be  self  explana¬ 
tory.  Final  adjustment  and  utiliza¬ 
tion  will  depend  on  the  particular 
scene  that  is  beinjr  shaded.  The 
proper  adjustments  beinj?  deter¬ 
mined  by  trial  and  error.  Aptitude 
for  this  adjustment  develops  with 
surprising  speed. 

The  next  article  in  this  series  will 
be  on  the  monitor  tube  sweeps, 
power  supply,  and  the  waveform 
oscillo.scope. 


Kditor’s  Noti-.  lii  iulilitioii  tci  tin-  mrrtM-- 
tioii  iili  iiotcd  til  tilt-  ri'Kiilatt'il  iMiwiT 
supply  tKiiKraiii  appi-arint;  in  Kiu.  .1.  1‘art  I 
of  this  siTifs.  wliifli  is  sliown  corrortly  in 
I'iy.  1  of  tliis  installnn-nt.  a  rorroction 
slionlii  Ilf  inaili-  to  tin*  iliaitrain  of  tl)o  lii):li 
voltaiif  powor  supply  for  tho  ii-onosropo. 
shown  in  Fiji.  -"i.  Part  I.  Tho  iiolarity  of 
tin-  typo  STP  ri'i-titiiT  shonlil  ho  rovorsoil  so 
tiiat  till'  anoilo  l•onn•‘l•ts  iliroi-tly  to  tlo* 
liltiT  rin-uit.  thus  making:  tho  torininal 
niarUfil  A'  notfativo  witli  ri*s|ii‘i-t  to  the  ter¬ 
minals  inarkeil  (,'.  .ti  anil 
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Fiq.  3 — Equiralent  circuit  of  the  artificial 
ear,  including  capacitive  input  and  a 
damped  series  resonant  circuit 


the  diaphragm  vibration  without  the 
undue  loss  of  pressure  at  low  fre¬ 
quencies  which  would  result  if  the 
damping  holes  opened  directly  into 
the  air.  The  equivalent  electrical 
circuit  of  this  acoustical  system  is 
shown  in  Fi^.  3.  C„  represents  the 
compliance  of  the  auricular  volume. 
AH  repre.sents  an  open-circuited 
line  of  distributed  constants  repre¬ 
senting  the  ear  canal.  A’,  and 
L,  repre.sents  the  resistance  and 
inertance  of  the  damping  holes. 
C,  represents  the  volume  of  the  au.xil- 
iary  chambers.  M  is  the  microphone 
which  is  substantialy  pressure  actu¬ 
ated,  its  impedance  being  high  (re¬ 
sonance  above  10,000  cps).  The  de¬ 
sign  of  the  damping  holes  follows 
the  theory  developed  by  Sivian 
{Jour.  Arou.'t.  Society,  7,  96,  1935) 
and  has  been  checked  experimen¬ 
tally  through  the  velocity  range 
likely  to  be  encountered  in  test  work. 
The  canal  is  equal  in  diameter  and 
length  to  that  of  the  average  human 
ear  and  its  high-frequency  reson¬ 
ances  may  be  expected  to  duplicate 
those  of  the  actual  ear.  Since  prac¬ 
tically  nothing  is  known  about  the 
resonances  in  the  human  ear  this  is 
purely  an  heuristic  conjecture. 
These  higher  frequency  resonances 
are  controlled  by  the  damping  effect 
of  cotton  packed  loosely  in  the 
canal.  The  design  has  been  checked 
by  means  of  a  constant  amplitude 
piston  placed  in  the  plane  of  the 
auricular  opening.  This  procedure 
is  al.so  employed  for  calibration. 

The  microphone  is  of  the  crystal 
(Rochelle-salt)  type  manufactured 
by  the  Brush  Development  Company. 
It  is  well  known  that  the  output  of 
such  microphones  is  somewhat  de¬ 
pendent  upon  the  temperature,  hav¬ 
ing  a  maximum  at  about  23.5°  (up¬ 
per  Curie  point).  For  this  reason 
no  attempt  is  made  to  make  a  per- 
(Continued  on  page  108) 
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Fig.  4 — Sound  output  vs  frequency  of  a  typical  commercial  tele¬ 
phone  receiver.  The  dotted  line  shows  the  effect  of  air  leakage 


FIG.  5 


Fig.  5 — Sound  input  vs  frequency  of  a  typical  commercial  hearing- 
aid  receiver.  Note  the  high  energy  content  above  1000  cps 
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Ballantine  Laboratories,  Inc. 


The  acoustic  output  of  a  tele¬ 
phone  receiver  or  hearing 
cdd  reproducer  depends  on 
the  "acoustic  network"  into 
which  it  works.  Dr.  Ballan¬ 
tine  describes  such  a  net¬ 
work  designed  to  simulate 
the  human  ear  and  hence  to 
provide  an  imvarying  stand¬ 
ard  for  testing 


Fig.  1 — The  artificial  ear,  ahown  above, 
conaista  of  the  acouatic  chamber,  a 
preaaure-operated  microphone  and  an  elec¬ 
tronic  voltmeter  to  meaaure  the  micro¬ 
phone  voltage 


Although  the  telephone  re¬ 
ceiver  has  been  in  use  for  over 
half  a  century,  only  comparatively 
recently  have  satisfactory  methods 
become  available  for  measuring  its 
electroacoustic  performance  under 
conditions  simulating  those  which 
exist  when  the  receiver  is  held 
against  the  ear.  Its  efficiency  is 
measured  by  the  acoustical  pressure 
developed  at  the  ear  drum  for  a 
given  electrical  input.  Of  equal  in¬ 
terest  is  the  variation  of  this  acous¬ 
tical  pressure  with  frequency  over 
the  audible  range,  for  a  given  elec¬ 
trical  input.  This  frequency  re¬ 
sponse  characteristic  enables  us  to 
estimate  the  fidelity  of  reproduction. 
Such  information  may  be  obtained 
with  the  aid  of  an  “artificial  ear”, 
which  is  a  physical  model  of  the 
human  ear  which  simulates  its 
acoustical  properties.  The  artificial 
ear  has  an  advantage  over  the  use  of 
actual  ears  for  test  purposes  in  that 
it  avoids  the  wide  variation  between 
individual  ears  and  has  acoustical 
properties  which  remain  constant 
from  day  to  day,  thus  furnishing  re¬ 
producible  results.  Although  this 
device  and  method  are  not  new  (see 
bibliography)  suitable  apparatus  is 
to  be  found  only  in  a  few  highly 
specialized  research  laboratories  and 
has  not  hitherto  been  commercially 
available.  The  artificial  ear  de¬ 
scribed  here  has  been  developed  to 
fill  this  need.  In  this  design  every 


effort  has  been  made  toward  sim¬ 
plicity  and  low  cost  in  order  that  the 
instrument  may  enjoy  wide  use  for 
routine  production  and  service  test¬ 
ing  as  well  as  for  re.search  work. 

The  new  artificial  ear  is  de¬ 
signed  for  use  with  Ballantine  Model 
300  Electronic  Voltmeter  (Electron¬ 
ics,  page  33,  September,  1938)  or 
any  voltmeter  reading  down  to  1 
millivolt  and  having  the  same  input 
impedance  (500,000  ohms  shunted 
by  30  ^l|xf).  This  combination  is 
illustrated  in  Fig.  1.  The  sensitivity 
is  such  that  the  voltmeter  reads  1 
millivolt  for  a  sound  pressure  of  20 
bars  (dynes/cm*) . 

The  artificial  ear  coupler  is  shown 
in  cross-section  in  Fig.  2.  This  is 
designed  to  simulate  the  acoustical 
characteristics  of  the  human  ear, 
also  shown  in  Fig.  2.  Its  design  is 
based  upon  measurements  of  ear 


acoustical  impedances  made  by 
West  Troeger,**’  Inglis,  Gray  and 
Jenkins,*  and  by  the  author.  The 
conical  cavity  A  in  the  molded  rub¬ 
ber  piece  simulates  the  volume  of 
the  auricula  A'.  This  piece  is  molded 
of  rubber,  which  simulates  the 
elasticity  of  the  ear  muscle  and  also 
aids  in  obtaining  a  tight  seal  when 
the  telephone  receiver  is  placed  upon 
it  for  measurement.  The  ear  canal 
(external  meatus)  B'  is  simulated  by 
the  canal  B  in  the  artificial  ear. 
This  canal  is  terminated  by  the 
acoustical  resistance  F  and  the 
microphone  M.  The  acoustical  resis¬ 
tance  F  comprises  several  small  hole.s 
opening  into  the  auxiliary  chamber.^ 
D.  This  resistance  effectively  damp.-^ 


AURICULA 


SMALL  BONES 


DRUM 


EXTERNAL  ACOUSTIC 
MEATUS 


Fig.  2 — Natural  and  artificial  hearing  apparatus.  A.  leiL  the  artificial  ear; 
and  B,  right  the  human  ear.  The  corresponding  parts  are  described  in  the  text 
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Fig.  3 — Air  requirsmcnU  for  typos  F124-A  and  F125-A. 
showing  plate  dissipation  limit  for  rarious  Tolume  air¬ 
flow  rates  and  initial  temperatures 


Fig.  4 — Power  required  to  cool  air  for 
Torious  plate  dissipation  ratings  of  the 
F124-A  and  F125-A 
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to  reduce  electrolytic  corro.sion  and 
power  loss  due  to  leakage  current. 
U.se  of  distilled  water  involves  a 
closed  circulatintr  heat  exchanger 
system  with  the  incident  water 
pumps,  cooling  fans,  radiators  and 
associated  etjuipment.  Expensive  in¬ 
sulating  ho.se  reels  or  piping  are  ahso 
required  to  isolate  the  anode  circuit 
from  ground.  In  spite  of  all  the.se 
precautions  considerable  mainte¬ 
nance  of  such  a  system  may  be  in¬ 
evitable. 

In  contrast  with  such  an  installa¬ 
tion  the  requirements  of  forced-air 
cooled  tubes  are  relatively  simple. 
A  low  pressure  centrifugal  fan  easily 
insulated  from  the  tube  .serves  to 
circulate  air  through  its  cooling  fins. 
In  most  cases  a  very  simple  air  cir¬ 
culation  system  serves  to  maintain 
input  and  station  air  temperature  at 
the  required  values. 

1‘riuciples  of  Forced-Air  Cooling 

In  considering  methods  of  forced- 
air  cooling  a  rough  division  may  be 
made  betw’een  high  and  low  pressure 
systems.  The  tubes  under  considera¬ 
tion  here  are  of  the  low-pressure 
air-cooled  type,  that  is,  they  are 
cooled  by  a  stream  of  air  of  rela- 
tiMdy  high  velocity  and  large  vol¬ 
ume,  but  at  approximately  atmos¬ 
pheric  pressure.  We  shall  consider 
briefly  the  basic  principles  of  such 
low  pre.ssure  air  cooling.  A  detailed 
analysis  is  given  by  Van  de  Beek, 
in  the  Philips  Technical  Review, 
Vol.  4,  No.  5,  May,  1939. 


Knowing  that  the  specific  heat  of 
air  at  atmospheric  pre.ssure  is  equal 
to  456  joules  per  lb  deg  C.,  we  may 
write  the  expression  for  the  air-flow, 
ir,  in  lbs  per  min  required  to  dissi¬ 
pate  a  power  of  P  kilowatts  for  an 
air  temperature  ri.se  It  degrees 
Centigrade  as 

ir=1315P,Af  (la; 

This  may  be  written  in  terms  of 
volume  of  air-flow,  Q,  in  cubic  feet 
per  minute  for  a  given  initial  air 
temperature,  t,,  degrees  Centigrade, 
as 

C>  =  5  92  «.  +  273) (lb) 

The  graphs  of  Fig.  1  and  2  show 
respectively  the  relations  between 
cooling-air  volume,  weight  and  ini¬ 
tial  temperature  and  between  kilo¬ 
watts  dissipation,  rate  of  air-flow 
and  cooling-air  temperature  rise. 
From  them  we  see  that  it  is  entirely 
possible  for  practically  obtainable 
values  of  air-flow  and  input  air  tem¬ 
perature  to  dissipate  the  large  quan¬ 
tities  of  power  in  which  we  are  in¬ 
terested. 

We  must  now  ascertain  the  effi¬ 
ciency  with  which  heat  may  be 
transferred  from  the  heated  metal 
anode  surface  to  the  cooling-air 
stream  in  order  to  determine  the 
radiator  surface  area  which  will  be 
required.  The  power,  P,  in  watts 
delivered  to  the  cooling-air  is  given 
by  the  formula 

P  =  hS  it  -  t.)  (2) 

where  h  =  the  coefficient  of  heat  transfer, 
watts  sq  ft 


S  =  the  cooling  surface  area  in  sq  ft 
t  =  the  tennperature  of  the  cooling  sur¬ 
face,  deg  C. 

t.  —  the  average  temperature  of  the  air, 
deg  C. 

Since  I.  =  t,  -p  we  may  write  Equation 
"  (lb)  as 


1  +  2  9t)  it,  +  273) 

The  surface  coefficient  of  heat  trans¬ 
fer,  h,  is  substantially  independent 
of  the  nature  of  the  cooling  surface 
for  the  turbulent  flow  encountered 
at  the  relatively  high  air  velocities 
used.  It  is  given  by  the  expression 
h  =  0  259  V®  ’*  watts,  sq  ft  (3b) 
Where  V  =  cooling-air  velocity  in 
feet  per  second.  Equation  (3a)  en¬ 
ables  us  to  calculate  the  watts  dis¬ 
sipating  ability  of  an  anode  of  total 
cooling  surface  area,  S  square  feet, 
at  the  uniform  surface  temperature 

r  C. 

Since  there  is  an  unavoidable  tem¬ 
perature  drop  through  the  radiator 
due  to  thermal  resistance,  in  the 
practical  application  of  Equation 
(3a),  t  must  be  taken  as  an  average 
temperature.  The  internal  radiator 
temperature  relations  may  be  ex¬ 
pressed  by  the  formula 

T  -  f  =  -^  deg  C.  (4) 

Where  k  =  the  specific  thermal  conductivity 
of  the  radiator  material 
T  =  anode  temperature 
t  =  average  radiator  temperature 
I  =  average  length  of  heat  conduction 
path  in  inches 

.4  =  cross-sectional  area  of  heat  con¬ 
ducting  path  in  square  inches 
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Air  Cooling  Applied  to 
External-Anode  Tubes 


By  E.  M.  OSTLUNO 

'J'lihr  t  Ih  iit.  Fnlrra!  Tt  h  (iruiih  ('ni>iiiiiii!i 


0  to  20  30  40  >  50  60  70  80 

Weight  Air  Flow.W,  Lb.  per  Minute 


Fig.  1 — Relationship  between  volume  and  weight  of 
airflow  for  different  initial  air  temperatures 


Fig.  2 — Power  dissipation  as  a  function  of  the  weight 
of  airflow  for  given  values  of  air  temperature  rise 


The  recent  trend  toward  refine¬ 
ment  of  transmitter  design,  with 
its  stress  upon  high  overall  efficiency 
and  elimination  of  auxiliary  equip¬ 
ment,  has  given  impetus  to  the  de¬ 
velopment  of  the  new  forced-air¬ 
cooled  type  of  transmitting  tubes. 
These  tubes  are  of  great  interest  to 
the  transmitter  engineer  because 
they  offer  ease  of  application  com¬ 
parable  to  that  of  the  radiation- 
cooled  type  together  with  the  high 
power-output  characteristic  of  water- 
cooled  tubes.  Some  information  rela¬ 
tive  to  their  design  and  application 
should  therefore  be  of  interest. 

The  dissipation  of  anode  heat  gen¬ 
erated  in  transmitting  tubes  is  a 
fundamental  factor  governing  their 
design  and  application.  Failure  to 
provide  proper  cooling  results  in  ex¬ 
cessive  operating  temperatures  of 
the  tube  structure  with  ensuing 
liberation  of  gas  and  consequent 
failure  of  the  tube.  Two  methods  of 
anode  cooling  have  been  widely  used 
in  the  past,  radiation  cooling  and 
water  cooling.  The  third  method, 
more  recently  applied,  is  direct 
forced-air  cooling.  The  specific  dis- 


The  trend  to  air  cooling  as  a 
cheaper  and  equally  effec¬ 
tive  substitute  for  water 
cooling  of  high  -  powered 
transmitting  tubes  has  now 
extended  to  dissipation  rat¬ 
ings  in  the  tens  of  kilowatts. 
Here  is  presented  a  review 
of  the  fundamental  theory 
and  typical  applications  by 
an  engineer  actively  en¬ 
gaged  in  transmitting  tube 
development 


sipation  capabilities  and  anode  op¬ 
erating  temperatures  of  the  three 
methods  are  approximately  as  fol¬ 
lows  : 


Type  of 
Cooling 


Radiation .  . 

W  ater . 

Forced-Air . 


Specific 
Dissipation 
Capability 
watts  sq  inch 
25-  50 
200  700 
3-  4 


Typical  Anode 
Operating 
Temperature 
deg  C 
400  1000 
30-  00 
150-  200 


Since  the  anode  of  radiation- 
cooled  tubes  is  mounted  inside  of  an 
evacuated  glass  envelope,  and  its 


size  and  operating  temperature  are 
limited,  such  tubes  are  practical 
only  for  relatively  low  outputs. 
Water-cooled  tubes  with  their  high 
specific  di.ssipation  capability  and 
low  anode  operating  temperature 
have  been  univer.sally  used  for  high 
power  amplification  purpo.ses.  Like 
water-cooled  tubes,  forced-air  cooled 
tubes  are  capable  of  high  power  out¬ 
puts  although  their  specific  anode 
dissipation  capacity  is  low  since  the 
size  of  their  anode  strjcture  is  not 
re.stricted  as  in  the  case  of  radiation- 
cooled  tubes.  Their  low  anode  oper¬ 
ating  temperature  afT(>rds  the  same 
manufacturing  and  operating  ad¬ 
vantages,  as  in  the  case  of  water- 
cooled  tubes. 

Operating  Advantages  of  Air-Cool  d 
T  nbes 

Water-cooled  tubes  require  ex¬ 
tensive  auxiliary  equipment  expen¬ 
sive  in  first  cost  and  in  maintenain  e 
charges.  Distilled  water  mu.st  be 
used  where  cooling  water  impurities 
are  pre.sent,  to  avoid  destructive  pre¬ 
cipitation  of  scale  on  the  anode  and 
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shock-absorbinj?  ring  or  gasket 
should  be  used  to  cushion-mount*  the 
radiator. 

Electrical  Characteristics 

In  general  the  forced-air-cooled 
tubes  available  at  present  have  elec¬ 
trical  characteristics  identical  with 
the  equivalent  water  cooled  types 
with  the  exception  of  plate  power  in¬ 
put  and  dissipation  maximum  rat¬ 
ings,  which  for  usual  radiator  con¬ 
struction  are  approximately  50  per 
cent  of  water-cooled  values.  It  is 
apparent  that  in  high  efficiency  plate 
modulated  broadcast  transmitters 
where  peak  plate  current  and  voltage 
swing  are  the  limiting  factors,  the 
same  power  output  as  that  of  their 
water-cooled  prototype  may  be  ob¬ 
tained  since  the  designed  maximum 
plate  dissipation  capability  is  not 
required.  Forced-air-cooled  tubes 
have  been  used  in  standard  broad¬ 
cast  transmitters  of  medium  output 
power  for  some  time  where  they 
have  given  unusually  efficient  and 
reliable  performance.  Their  use  in 
higher  output  transmitters  has  been 
contingent  upon  the  adoption  of 
high  efficiency  circuits  of  this  rating. 
In  the  case  of  class  B  linear  and 
grid-bias  modulated  transmitters 
where  plate  dissipation  is  the  limita¬ 
tion,  a  larger  number  of  forced-air¬ 
cooled  tubes  will  normally  be  re¬ 
quired  to  replace  a  given  number  of 
water-cooled  tubes.  For  this  reason 
the  air-cooled  tube  will  only  give 
most  economical  performance  with 
modern  high  efficiency  installations, 
although  the  .saving  over  water-cool¬ 
ing  costs  may  also  make  their  use 
practical  in  low  efficiency  circuits. 

As  mentioned  above,  forced-air¬ 
cooled  tubes  have  definite  advan¬ 
tages  for  high  frequency  operation. 
At  the.se  frequencies  losses  in  grid 
leads,  seals  and  envelope  cau.se  ex¬ 
cessive  heating  of  these  parts  and 
often  constitute  the  operating  limi¬ 
tation.  Cooling  of  these  parts  by 
the  exhaust  air  stream  eliminates 
the  necessity  for  an  auxiliary  blower 
to  insure  safe  operating  tempera¬ 
tures.  The  anode-ground  shunting 
capacity  of  a  forced-air-cooled  radia¬ 
tor  is  approximately  the  same  as  that 
of  the  equivalent  water  jacket  with 
it.'  associated  piping. 

Operation 

Operating  precautions  to  be  ob¬ 
served  in  the  use  of  forced-air-cooled 


Fiq.  6 — Typical  forced-air  cooling  tube 
showing  finned  anode  assembly  (type 
F124-A) 


Fig.  7 — Air-cooled  tube  in  operation  at  the 
transmitter  of  WBBM,  Chicago 


tubes  are  in  general  analagous  to 
those  of  water-cooled  tubes.  The 
published  maximum  electrical  rat¬ 
ings  must  be  rigidly  observed.  A 
continuous  flow  of  filtered  cooling 
air  must  be  maintained.  The  mini¬ 
mum  required  rate  of  flow  for  the 
maximum  inlet  air  temperature  dur¬ 
ing  operation  is  determined  from 
the  cooling  requirement  chart  (.see 
Fig.  3)  for  the  given  tube.  Pro¬ 
tective  devices  must  be  provided  to 
prevent  the  application  of  filament 
or  plate  power  in  the  absence  of 
rated  air  flow. 

The  use  of  air-cooled  tubes  re¬ 
quires  relatively  simple  special  struc¬ 
tural  features  in  the  design  of  sta¬ 
tion  house  and  arrangement  of 
equipment.  Figure  5  shows  sug¬ 
gested  layouts  for  small  and  large 
transmitters.  Fan  duct  intake  and 
exhaust  openings  must  be  so  ar¬ 
ranged  as  to  assure  the  maintenance 
of  a  safe  inlet  air  temperature  to  the 
tube  under  all  ambient  temperature 
conditions.  In  most  climates  this 
can  be  accomplished  by  a  very  simple 
recirculation  system.  From  Fig.  5 
it  is  seen  that  inlet  air  is  drawn 
from  a  separate  air  chamber  into 
which  filtered  air  is  admitted  from 
the  outside.  The  heated  exhaust  air 
is  either  discharged  again  into  the 
outside  air  from  the  air-sealed  trans¬ 
mitter  vault  or  wholly  or  partially 
diverted  into  the  station  building  for 
use  for  heating  purposes  as  seasonal 
conditions  may  require.  In  the  de¬ 
sign  of  such  a  system  the  loss  of 
pressure  in  air  filters,  louvres,  etc 
must  be  taken  into  consideration  in 
determining  fan  capacity.  The  fan 
system  may  be  arranged  for  removal 
of  heat  developed  in  the  other  stages 
of  the  tran.smitter  as  well.  As  in 
w’ater-cooled  systems,  flow  relays 
must  be  installed  to  remove  power  in 
case  of  failure  or  reduction  of  cool¬ 
ing  air  flow. 

Forced-air-cooled  tubes  make  pos¬ 
sible  appreciable  reductions  in  the 
first  cost  of  transmitting  equipment. 
Comparative  estimates  indicate  the 
cost  of  a  water-cooling  system  for  a 
50-kilowatt  transmitter  to  be  two 
or  three  times  that  of  air-cooling 
equipment  for  the  same  installation 
using  forced-air-cooled  tubes.  Cool¬ 
ing  system  operating  power  costs 
are  materially  reduced  by  the  elim¬ 
ination  of  elaborate  recirculation 
system  requirements.  Maintenance 
charges  and  program  interruption 
losses  are  reduced  to  a  minimum. 
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For  copper,  the  material  used  in  this 
case,  k  —  9.7  watts  deg  C.  inch 
square  inch 

Thus  we  may  write  Equation  (3a) 


watts 


With  the  aid  of  this  formula  the 
proper  radiator  dimensions  and  the 
cooling  performance  characteristics 
of  the  tube  as  a  function  of  rate  of 
cooling  air-flow  Q  in  cubic  feet  per 
minute,  maximum  anode  tempera¬ 
ture  T  and  power  dissipation  P  may 
be  completely  determined. 

The  graph  of  Fig.  3  shows  the 
permissible  plate  dissipation  of  a 
representative  forced-air  cooled  tube, 
the  F-124-A,  as  a  function  of  inlet 
air  temperature,  f„  for  various  rates 
of  cooling  air-flow,  Q.  Tests  indicate 
close  agreement  with  calculated 
data. 


Fig.  5 — Typical  mechanical  layouts  of  air-cooling  systems: 
Left  lor  a  high  power  transmitter:  right  for  low  power 


metal.  In  all  brazing  processes  it  is  greater  fan  and  driving  motor  ca- 
of  the  utmost  importance  that  no  pacity  installed.  An  operating  air 
blow-holes  or  low-conductivity  spots  flow  somewhat  in  excess  of  that 
be  present,  otherwise  local  over-heat-  normally  required  is  advi.sable  to  in- 
ing  and  destruction  of  the  tube  will  sure  safe  anode  operating  tempera- 
almost  certainly  occur.  tures  at  any  abnormally  high  am¬ 

bient  air  temperature  which  may  be 
Cooling-Air  Supply  experienced. 

^  ,  Figure  4  shows  the  cooling  power 

The  power  required  to  supply  a  •  j  r  •  *  i  x 

^  ^  ,  required  for  various  tubes  as  a  func- 

given  cooling-air  flow  through  a  ,.  -  j  j-  o 

^  -  j  j,  tion  of  anode  dissipation.  Figure  3 

radiator  may  be  determined  from  •  .-  *  a  i  i  j-  • 

x  1  .L,.  ^  XL  indicates  that  large  anode  dissipa- 

the  experimental  fact  that  the  pres-  ..  .  -x-jxl-l- 

,  ^  tions  may  be  maintained  at  high  air 

sure  drop  through  a  given  radiator  i  -x-  i  x  l  -ji  • 

^  ,  X  XL  velocities,  but  here  rapidly  increas- 

is  approximately  proportional  to  the  •  ^  .  .  .. 

^  ^  ,  X.  X  •  ing  fan,  motor,  and  operating  power 

rate  of  air  flow  squared,  that  is  .  ,,  .  ^ 

XL  ••  •  costs  as  well  as  noise  constitute 

p  =  KQ-.  Since  the  air  power  in  ..  i-  -x  x-  t  j  x 

„  •  J  X  X?  •  operating  limitations.  In  order  to 

watts  Pa  required  to  force  an  air  ...  .  ,  ..  . 

„  XL  L-  X.  X  •  X  •  X  obtain  quiet  operation  streamline 
flow,  Q  cubic  feet  per  minute,  against  .  .  ,  ,  , ,  .  ,  ,,  ,  . 

..  .  x-x.x,o  principles  should  be  followed  in  con- 

a  pressure »  inches  of  water  IS  0.118  x  x-  r  •  j  x  j  xl 
X  struction  of  air  ducts  and  other 

pQ,  we  may  write  ,  j  x  xu  •  xi  t:^ 

parts  exposed  to  the  air  flow.  For 

P,  — O  ils  KQ^  (6)  minimum  noise  a  kw-speed  fan 

where  K  is  a  constant  for  a  given  should  be  used, 
anode.  Typical  values  of  K  are;  mechanical  arrangement  of 

Type  F-124-A . 0  4X  10*  fan  and  tube  may  be  made  extremely 

Type  F-892-R . ....14X10*  simple.  A  single  blower  may  be 

Adopting  a  fan  efficiency,  t,,,  and  a  used  to  supply  one  or  several  tubes, 
driving  motor  efficiency  as  at  t,..,  we  ^he  latter  ca.se  the  air  ducts  must 
can  calculate  the  total  cooling  power  [jg  go  arranged  in  multiple  as  to  in- 

consumption  from  P.  =  ■  Suit-  the  proper  air  flow  through 

T,,  Tji  each  of  the  radiators  under  all  con- 

able  centrifugal  fans  operate  at  ap-  ditions.  In  either  case  an  insulating 
proximately  50  per  cent  efficiency,  section  of  duct  must  be  installed  b*  - 
Typical  asynchronous  driving  mo-  tween  the  high  potential  anode  ai  d 
tors  have  efficiencies  of  80  per  cent,  ground,  and  must  be  of  such  length 
In  the  design  of  a  given  system  as  to  preclude  the  possibility  of  flash- 

allowance  should  be  made  for  the  over  and  leakage  currents  under  all 

additional  pressure  drop  of  ducts,  conditions.  Ceramic,  plastic,  or  fab- 
elbows,  etc,  and  correspondingly  ric  ducts  may  serve  this  purpose.  A 


Mechanical  Design 

In  order  to  make  forced-air  cooled 
tubes  readily  applicable  for  use  in 
existing  transmitters  it  was  obvi¬ 
ously  advantageous  to  design  the 
anode  radiator  for  use  with  current 
types  of  standard  water-cooled  tubes. 
It  was  found  possible  to  design  a 
practical  radiator  assembly  adequate 
to  conduct  away  the  required  amount 
of  heat  from  the  previously  water- 
colled  anode  without  exceeding  safe 
operating  temperatures.  While  it  has 
been  found  necessary  to  operate  the 
anode  at  from  two  to  three  times  its 
water-cooled  temperature  this  has 
not  resulted  in  a  corresponding  in¬ 
crease,  in  temperature  of  metal-to- 
glass  seals  and  glass  envelope,  in  fact 
the  air-flow  serves  effectively  to 
cool  these  parts  also.  This  is  a  very 
desirable  feature,  particularly  for 
high  frequency  operation. 


Radial  Fin  Construction 

The  construction  adopted  is  to 
surround  the  anode  with  a  heavy 
copper  sleeve  to  the  outside  of  which 
are  brazed  radial  fins  of  a  total  sur¬ 
face  area  such  as  to  satisfy  Equation 
(5).  The  heat  must  be  conducted 
with  the  minimum  practical  tem¬ 
perature  drop  between  the  inner 
anode  and  the  cooling  fins.  This  is 
accomplished  by  soldering  the  anode 
to  the  inner  radiator  sleeve  wall  with 
a  thin  film  of  low  melting-point 
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Capacitor  Discharge  Chart 


Determination  of  the  voita^^e 

characteristic  of  a  capacitor  in 
a  state  of  charge  or  discharge 
throutjh  a  resistor  is  one  of  the  most 
common  of  electrical  problems.  The 
advent  of  the  jrrid  controlled  vacuum 
tube  has  increased  the  utility  of 
capacitance  resistance  networks  as 
time  controls.  This  function  has 
been  e.xtended  to  timing  relays, 
welders  and  relaxation  oscillators. 
The  fundamental  circuits  are  given 
in  the  accompanying  figure. 

The  accompanying  chart  offers  a 
convenient  method  of  carrying  out 
computations  of  the  solution  of  the 
differential  equation  of  a  capacitor 
shunted  by  a  resistance. 

This  solution  takes  the  form: 
e/K  = 

where  K  is  the  voltage  of  the  capaci¬ 
tor  at  full  charge, 

e  is  the  voltage  of  the  capacitor  at 
partial  charge, 

/  is  the  elapsed  time  in  seconds 
from  the  initiation  of  the  dis¬ 
charge, 

R  is  the  resistance  in  ohms, 
r  i.s  the  capacity  in  farads. 

The  chart  can  be  interpreted  in 
terms  of  the  voltage  of  the  capacitor 
when  it  is  being  discharged  thru  a 
series  resistor.  The  chart  has  as 
ordinates,  c  K,  the  percentage  of  the 
voltage  at  full  charge;  and  covers 
the  range  from  100  per  cent  to  0.1 
per  cent  of  maximum  voltage.  There 
are  four  overlaiiping  curves  which 
cover  the  time  range  from  0.01  to 
loO  .seconds.  All  these  curves  satisfy 
the  equation  for  RC  eijual  to  one. 
These  together  with  the  simple 
rt'lation, 

t  for  >07  RC  —  t  RC  z  I  X  RC' 

yield  the  .solution  for  the  large 
majority  of  problems. 

Thus,  to  find  the  elapsed  time  in¬ 
terval  from  maximum  voltage  to  any 
percentage  of  the  maximum  voltage, 
one  merely  reads  from  the  chart  the 
t'me  interval  for  a  given  e/E  and 
R('  e(iual  to  one.  This  value  of  time 
is  multiplied  by  the  value  of  RC  of 
the  circuit  being  studied,  and  thus 
the  latter’s  time  constant  is  obtained. 

Again,  if  for  any  circuit,  the  time 
t  and  e  E  are  known,  the  chart  can 
be  read  to  give  the  time  for  a  cir- 


By  LOUIS  HANOPOL 

Tube  Deutschmann  Corp. 

cuit  with  RC  ecjual  to  one.  For  e.x- 
ample,  let  the  circuit  be  actuated  at 
two  points,  E  and  0.5£'.  Let  RC  be 
equal  to  six. 

t ,  =  9.1  .seconds 

t  =  9.  IxG  seconds  =  54.6  seconds 

If  the  capacitor  is  being  charged, 
its  voltage  becomes  [E—  ie/E)];  ie, 
its  voltage  is  (  1  —  e/E)  of  the  max¬ 
imum.  In  the  series  case  the  volt¬ 
age  across  the  resistor  is  [e,  E 1  X  E. 

The  applications  of  the  chart  are 
many,  from  the  calculation  of  the 
size  of  a  protective  discharge  resis¬ 
tor  across  a  high  voltage  condenser, 
to  relaxation  and  bypass  computa¬ 
tions.  Most  electronic  circuits  use 


Fundamental  capacitor 
discharge  circuits 


the  RC  nets  to  drive  the  vacuum 
tube  whose  output  is  to  have  two 
values  separated  by  a  given  time  in¬ 
terval,  corresponding  to  that  of  the 
RC  network.  Control  from  the  fir.st 
vacuum  tube  may  be  extended  to 
other  tubes,  transformers,  and  recti¬ 
fiers  as  in  welding  systems.  Relaxa¬ 
tion  o.scillators  are,  from  this  point 
of  view,  timing  systems  in  which  the 
RC  net  biases  the  tube  grid  in  the 
time  interval  1/2  x  frequency,  i.e., 
RC  is  such  that  the  voltage  change 
from  zero  to  e,  or  e  to  maximum  has 
an  interval  of  1  2  x  frequency,  and 
the  circuit  o.scillates  at  a  frequency  /. 

Direct  current  filter  systems  can 
be  treated  by  using  the  timing  ap¬ 
proach.  Here,  it  is  required  that  the 
ripple  voltage  across  a  resi.stor  have 
a  given  value.  For  a  simple  capacity 
across  a  resistive  load,  the  problem 
becomes  that  of  maintaining  e  E 
greater  that  some  predetermined 
minimum  percentage  in  the  time  in¬ 
terval  1/2  X  frequency.  If  e/E  is 
never  less  than  99  per  cent  the  rip¬ 
ple  never  e.xceeds  one  per  cent. 


Attacking  bypass  problems  in  the 
same  manner,  the  percentage  of  al¬ 
ternating  current  in  a  shunt  resis¬ 
tor  is  that  which  discharges  into  it 
in  the  time  interval  1/2  X  frequency. 
Thus  cathode  bypassing  can  be 
treated  in  the  method  above. 

The  use  of  practical  time  control 
requires  that  some  consideration  be 
given  non-idealized  circuit  compon¬ 
ents.  Manufactured  capacitors  have 
los.ses  inherent  in  the  dielectric  and 
insulation.  These  are  interpreted  in 
terms  of  an  equivalent  shunt  resis¬ 
tance.  Both  the  condenser  and  the 
resistor  have  variations  in  their 
characteristics  with  temperature 
and  frequency  and  these  cannot  be 
neglected  when  their  magnitude  ap¬ 
proaches  the  nominal  ratings  of  the 
components. 

Resistors  of  the  metallized  or  car- 
bon-bakelite  type  have  been  devel¬ 
oped  to  a  state  where  the  residual 
inductance,  and  temperature  varia¬ 
tions  are  small.  Large  errors  are  not 
introduced  from  these  sources  until 
frequencies  of  1000  cps  and  tempera¬ 
tures  of  80°  C.  are  reached. 

The  limitations  of  capacitors  is 
most  obvious  from  their  character¬ 
istics.  Frequency  does  not  affect 
them  to  about  10  to  20  kc.  The  ini¬ 
tial  resistance,  or  shunt  resistance 
of  a  capactor  at  20°  C.  is  2  to  10 
megohms  per  microfarad  for  elec¬ 
trolytic  capacitors,  2000  to  4000 
megohms  per  microfarad  for  paper 
halowax  type  capacitors  and  8000  to 
15000  megohms  per  microfarad  for 
mineral  oil  impregnated  condensers. 
The  resistance  gradient  with  tem¬ 
perature  is  steep  and  negative.  If 
the  shunt  circuit  resistor  is  not  to 
be  affected  by  the  variation  of  the 
equivalent  resistance  the  latter  must 
be  at  least  one  hundred  times  the 
former.  The  value  of  the  equivalent 
capacitor  resistance  at  its  lowest 
value  because  of  temperature  am¬ 
bients  limits  the  value  of  RC  obtain¬ 
able  with  any  given  type  of  con- 
den.sor.  Oil  filled  capacitors  can  be 
designed  for  RC  as  high  as  50  to  100 
for  small  temperature  variations. 
Electrolytic  and  some  vegetable  and 
synthetic  oil  capacitors  have  positive 
capacitance  coefficients  with  temper¬ 
ature  at  temperatures  below’  0°  C. 
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TUBES  AT  WORK 

Circuits  for  “writing”  on  a  catlio<le-ray 
screen,  introducing  bass  coinpensation 
in  amplifiers,  calibrating  audio  oscilla¬ 
tors  and  timing  photographic  exposures 
automatically  are  presented  this  month 


A  Cathode-Ray 
Alphabet  Machine 

By  Albert  W.  Friend 

Cruft  Lahoriitury,  Harvard  I'nirrruitp 

A  new  hobby  with  possible  applica¬ 
tions  in  the  commercial  world  was  de¬ 
veloped  at  West  Virginia  University 
as  a  demonstration  unit  for  a  seminar 
talk.  The  idea  was  to  show  what  could 
be  done  with  a  standard  cathode  ray 
oscilloscope  and  a  few  radio  parts  in 
producing,  at  will,  various  patterns  on 
the  screen.  As  a  personal  challenge  the 
author  decided  to  attempt  the  produc¬ 
tion  of  the  entire  alphabet. 

The  equipment  used  was  developed 
during  one  day’s  work  and  included  a 
standard  DuMont  Type  164  cathode  ray 
oscilloscope,  a  pair  of  small  radio  re¬ 
ceiver  power  transformers  with  some 
type  27  triodes  connected  as  rectifiers, 
a  DuMont  Type  150  electronic  switch, 
a  special  pulse  generator  utilizing  the 
type  128A  gaseous  triode,  a  States 
Model  R-13601  phase  shifter,  and  about 
fifteen  switches.  The  circuit  diagram 
is  shown  in  the  accompanying  figure. 

By  judicious  switching  combinations 
and  careful  control  of  the  sweep  and 
phase  adjustments  every  letter  of  the 
alphabet,  used  by  English-speaking 
people  was  produced  on  the  screen. 
Later  all  of  the  Arabic  Numerals  and 
many  Greek  letters  were  also  formed. 
There  is  no  doubt  that  all  the  Greek 
letters  can  be  thus  produced  in  a  day 
or  two  of  experimentation.  The  accom¬ 
panying  photographs  show  some  of 
the  resulting  patterns  photographed 
from  the  screen.  Improvement  can  be 
made  in  the  shapes  of  many  letters  and 
figures,  but  this  attempt  was  merely 
for  the  purpose  of  illustrating  what 
could  be  accomplished  with  a  minimum 
of  materials. 

For  convenience  in  reproduction  of 
the  apparatus,  the  switches  have  been 
numbered  and  a  list  of  the  switches 
closed  to  produce  any  desired  pattern 
is  given  below.  In  some  cases,  phase 
shifts  may  be  required  to  develop  the 
listed  pattern,  and  if  the  oscilloscope 
sweep  circuit  is  used  it  must  always  be 
set  to  produce  the  desired  trace. 

It  is  hoped  that  subsequent  develop¬ 
ments  will  produce  much  better  pat¬ 
terns  and  that  some  applications  may 
be  made  to  justify,  in  some  way,  the  ex¬ 
pended  efforts. 

The  switching  combinations  required 
for  forming  the  alphabet  are  as  fol¬ 
lows  :  “Int.”  refers  to  internal  synchor- 


ization,  “Ext.”  to  external.  The  switch 
numbers  and  positions  refer  to  the  dia¬ 
gram  in  the  figure.  N  denotes  normal 
polarity  of  deflecting  plates,  R  the  re¬ 
verse. 

A— Int.,  SW.,  N,  2A,  3,  4B,  5B,  6 
B— Int.,  SW.,  R,  1,  2B,  3,  4B,  5B,  6 
C— Amp.,  R,  1,  2A,  3,  4A,  5A,  6,  8A, 
9,  10,  IIB,  12 

D— Amp.,  R.  3,  4B,  5A,  6,  8A,  9, 10, 1 1 B 
E— Ext.,  SW.,  R,  7A,  11 A 
F— Int.,  SW.,  R,  4A,  5B,  6,  7A 
G — Ext.,  Amp.,  R,  2A,  3,  4A,  5A,  7B, 
8A,  9,  10,  llA 


Example!  of  letter!  produced  by 
the  alphabet  circuit 


H— Int.,  SW.,  N,  2A,  3,  4B,  5B,  6,  12 
I — R,  V  gain  off. 

.1— Int.,  SW,  N.  2.^.  3.  4A  or  B,  5A,  6 
K— Int.,  SW..  R,  1,  2B.  3.  4B,  5B,  6 
L — Amp.,  N,  4.4,  5.4,  7.4,  12,  Sn 
M— Int.,  SW.,  N,  1.  2B.  3,  4B,  5A,  6 
N— Int.,  SW..  N.  1,  2B,  3,  4.4,  5A,  6 
O— Ext.,  Amp.,  N.  2.4,  3,  4A,  5.4,  8A,  9, 
11.4 

P— Ext.,  SW.  R.  2B.  3,  IB,  5B,  6,  8.4, 
9,  10,  IIB 

Q — Int.,  .4mp.,  R,  1,  2.4,  3,  4A,  5.4,  7B, 
8A.  9,  10.  11 A 

R— Ext.,  SW.,  R,  1.  2B,  3,  4B,  5B,  6 
S— Ext.,  SW.,  R.  1.  2.4,  3,  4B,  5A.  IIA 
or 

Int.,  .4mp.,  N,  1.  2.4,  3,  4 A,  5,  7B, 
8B,  9,  10.  11 B 

T— Int.,  Amp.,  N,  4.4,  5.4,  7B,  9,  IIB 
U— Int.,  SW,.,  N,  1.  2B.  3,  4 A,  5.4 
V— Ext.,  Amp.,  N.  1,  2B,  4A,  5A,  9, 
llA 

W— Ext.,  SW..  N.  1.  2B.  3,  4.4,  5.4,  9, 
IIB 

X— Ext.,  SW..  N,  2A.  3.  4.4,  5A 
Y— Ext.,  SW.,  R,  2A.  3.  4B,  5A,  8A,  9, 
llA 

Z— Ext.,  SW.  R.  2A.  3,  4.4,  5.4,  9,  11.4, 
13 


•  •  • 


Elaborate  Piiblie  .4(l<lre»i!i 
S\>teni  for  l..aGiiar<lia  Airport 

One  of  the  most  elaborate  announc¬ 
ing  systems  ever  installed  at  an  air¬ 
port  has  recently  been  put  in  operation 
at  LaGuardia  Field.  New  York  .Munici¬ 
pal  Airport,  by  the  Western  Electric 
Co.  Field  engineering  and  installation 
were  carried  out  by  the  Langevin  Co. 
The  input  consists  of  five  microphones 
located  at  the  ticket  counters  of  the 
{Continued  on  pnge  4-4) 


Circuit  diagram  of  the  "alphabet  machine."  The 
!witche!  are  numbered  to  correepond  with  the  text 
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Small  space  available 
for  the  radio  set— small¬ 
er  space  m  the  set — de¬ 
veloped  the  smalltit  con¬ 
nection  parts, iAr//r,f/«^x, 
sockets  and  grounding; 
rings  Look  at  the  three 
combinations  shown  here 
in  actual  size.  They’ll  fit 
your  needs. 


Anticipating  the  need  for  space  and  time  saving  parts  in 
the  portable  battery  type  sets,  Cinch  again  is  “First  with 
the  littlest”.  Already  in  use,  these  connection  combina¬ 
tions  are  maintaining  the  reputation  of  “Cinch  for  satis¬ 
faction”.  Two,  three  or  four  prongs  .  .  .  adequate  shell 
space  .  .  .  (note  the  two  types  of  “handles”)  .  .  .  best  of 
materials  and  workmanship  . .  .  here  are  the  smallest  parts 
for  the  end  of  battery  cable  lead  for  the  latest  and  smallest 
of  the  compact  radio  sets.  These  connection  combinations 
have  proved  highly  efficient. 

Cmch  and  Oak  Radio  Socktts  art  lictnttd  under  H  H  Eby  locket  patent!. 


1  CINCH  MANUFACTURING  CORPORATION 

I  2335  W,  Van  Buren  Street,  Chicago,  Illinois 

SUBSIDIARY  OF  UNITED  CARR  FASTENER  CORP  CAMBRIDGE,  MASS. 
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Per  Cent  of  Maximum  Voltage —  c/E  (  Expressed  as  a  Fraction) 
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Cable  "UNELCO" 


Newark,  N.  ]. 


four  airlines  and  at  the  information 
desk  in  the  main  rotunda.  Each  micro¬ 
phone  is  of  the  “press-to-talk”  type, 
usinfj  interlocked  relays  which  make 
the  entire  loudspeaker  system  available 
to  but  one  microphone  at  a  time.  A 
ti)tal  of  85  loudspeakers  are  placed  at 
various  points  on  the  administration 
building  and  on  the  loadinj;  platform. 
.Additional  microphones  are  al.so  avail¬ 
able  at  nine  jrJites  alonjr  the  loading? 
platform  and  may  be  used  for  general 
announcement  or  to  call  taxis  ami 
porters.  One  of  the  features  of  the  in¬ 
stallation  is  the  JldO-denree  coverajre 
proviiled  by  the  several  loudspeakers 
on  the  loading;  platform,  which  are  .so 
urranjred  that  the  output  of  one  blends 
naturally  with  the  others.  In  the  ro¬ 
tunda  of  the  .Administration  Huildin^ 
three  “cobra”  speakers  are  mounted  in 
the  dome.  Fifty-two  additional  loud¬ 
speakers  are  also  placed  behind  >rrilles 
in  the  various  public  rooms  of  the  Ad¬ 
ministration  Building;.  Seven  complete 
amplifiers  are  used  to  serve  the  instal¬ 
lation. 


('uiii|H‘iisatioii  hy 
Srr«*«*ii-f;rid  Inject  ion 

By  L.  M.  Bakcus 

.Amo.nu  the  faults  to  be  avoided  in  ap- 
plyinjr  bass  compensation  is  the  very 
common  ojie  of  boomy  speech  repro¬ 
duction.  This  means  that  practically 
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LECTRONICS 


M^IATHERMY 

and  $o  on  through  the  alphabet  of  transmitting  tube  applications,  UNITED  enjoys  the 
favor  of  professional  users. 

For  instance  type  BW-11  (834)  above  shown,  is  purchased  in  larpe 
quantities  under  contract  with  us  by  the  U.  S.  Civil  Aeronautics 
Authority  for  airway  marker  and  beacon  transmitters. 

Leading  broadcasting  stations  equip  a  generous  number  of  their 
sockets  with  preferred  types  of  UNITED  triodes  and  rectifiers. 

The  medical  profession  with  radio  healing  equipment,  motion 
picture  theatres,  and  the  nation’s  gigantic  industries  come  to 
UNITED  ELECTRONICS  COMPANY  for  power  tubes.  There  are 
50  types  to  select  from,  and  your  inquiries  are  cordially  invited. 


A  pair  of  coils,  which  set  up  sound 
vibrations  in  the  human  throat  has 
recently  been  invented  by  Gilbert 
Wright.  It  was  demonstrated  as  an 
aid  to  assist  dumb  people  who  have 
lost  their  gift  of  speech  by  iniury  to 
the  vocal  chords  through  accident 
or  disease.  The  instrument,  in¬ 
vented  by  the  son  of  the  novelist 
Harold  Bell  Wright,  is  being  demon¬ 
strated  to  Irens  Rich.  The  device 
will  not  assist  those  who  have  never 
heard  the  human  voice 
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A— VC'asher,  molded  and  turned. 

B  —  Sawed,  mi  lied,  drilled,  counter- 
^>ored,  and  tapped  insulator. 

C  — Sawed,  milled,  and  drilled  in- 


The  pole-top  transformer  that  steps  down  volt¬ 
ages  to  household  proportions  is  a  familiar 
illustration  of  Synthane’s  value  as  a  multi-purpose 
material.  Synthane  Bakelite-laminated,  because  of 
its  combined  electrical  and  machining  properties, 
is  used  for  insulating  transformers,  relays,  power 
switches,  bus- bars,  and  many  power  generating, 
distributing,  and  consuming  devices  from  turbo¬ 
generators  to  kitchen  clocks. 

But  Synthane  combines  many  more  properties. 
It  is  a  dense,  hard,  uniform  technical  plastic, 
light  in  weight  (half  the  weight  of  aluminum), 
structurally  strong, and  resistant  to  solvents, gases. 


petroleum  products,  water,  and  many  acids  and 
salts.  And,  it  is  easy  to  machine.  You  can  ma¬ 
chine  it  yourself  or  we’ll  machine  it  for  you  as 
we  did  for  the  three  manufacturers  whose  products 
are  pictured  at  the  left. 

This  wide  choice  of  properties  simplifies  your 
approach  to  new  applications,  may  enable  you  to 
improve  the  performance,  salability  and  appear¬ 
ance  of  older  products  or  equipment — or  lower 
manufacturing  costs. 

If  you  have  a  hunch  Synthane  can  help  you,  let’s 
put  our  heads  together  on  your  job  .  .  .  today. 
SY^^THANE  CORPORATION.  OAKS,  PENNSYLVANIA 


[SYNfflANE] 

Bakeltle —  laminated 
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Iiigolation  Makes  ElectricitY  Usable 


all  of  the  bass  rise  must  be  below  the 
normally  effective  voice  frequencies. 
It  has  been  determined,  moreover,  that 
in  order  to  achieve  satisfactory  rich¬ 
ness  of  bass,  the  >rain  at  75  cps  had  to 
be  somewhere  in  the  order  to  25  db. 
Since  the  rise  had  already  been  deter¬ 
mined  to  lie  below  150  cps  to  avoid  con¬ 
flicting  noticeably  with  the  male  voice, 
this  means  the  Ixmster  curve  must  be 
attenuated  at  the  rate  of  25  db  per 
octave. 

Unfortunately,  a  survey  of  existintr 
methods  of  frequency  correction  un¬ 
covered  no  suitable  method  by  which 
such  an  ideal  curve  mijrht  be  attained. 
Unless  some  new  circuit  could  be  de- 
sitrned,  it  was  granted  that  a  compro¬ 
mise  would  have  to  be  made  between 
boomy  speech  and  insuflicient  bass. 
However,  the  use  of  a  multi-jrrid  tube 
in  the  first  audio  stape  seemed  to  offer 
one  possibility.  First  of  all,  the  screen 
it.self  could  be  a  lo^rical  source  of  low 
frequencies.  Already  peaked  in  the  re¬ 
quired  range,  they  would  be  given  an 
initial  gain  and  inverted  in  phase.  In 
addition,  the  purely  electronic  coupling 
would  make  for  stability  even  under 
high  conditions  of  gain. 


Lurre 

toxtn 

here 


I  a  Decoupling 
V  filUir 


Fig.  1— Basic  circuit  for  bass  com¬ 
pensation  using  screen  infection 


The  plan  appeared  feasible  so  an  ex¬ 
perimental  model  was  designed.  Ordi¬ 
nary  by-pass  filtering  w'as  used  in  the 
booster  channel,  for  as  yet  no  suitable 
method  of  obtaining  the  requisite  at¬ 
tenuation  had  been  advanced.  How¬ 
ever,  the  first  response  curve  taken 
after  placing  the  circuit  in  operation 
showed  an  amazingly  sharp  cut-off 
which  could  not  rea.sonably  be  ac¬ 
counted  for  by  the  simple  filtering  em- 
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Fig.  2 — Curves  showing  degrees  of 
compensation  possible  with  circuit 
oi  Fig.  1 

ployed.  Investigation  revealed  that  th 
answer  lay  in  an  inherent  property  o;' 
the  pentode  itself,  namely  that  th 
phase  of  the  signal  from  the  screcii 
insisted  on  reversing  with  ascendiiiJr 
frequency. 

A  number  of  representative  curve- 
are  presented  in  Fig.  2,  all  taken  o  i 
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is  Ts.n  service  with  near/y 

Hll  thousand  hours  of 
«t'sfactory  service” 

Says  Mr.  G.  A.O'R«-ii 
•^atiio  engineer  for  Tr!!’ 

Western  Air,  /nc  "*‘^°"r'nental  & 


iRAnsi  inTincnTAL  &  Wcstcrr  Air,  inc. 


I  /O  ^fCHAf^OS  ^CAO 

Kansas  Cittf.  yifla 
March  7,  1940 


Mr.  J.  A.  McCullough 
Eltel-UcCullough,  Inc. 

San  Bruno,  California 

Dear  Mr.  McCullough: 

Our  first  Siebenthaler  ’’individual  radio  frequency  unit"  trans¬ 
mitter  was  pat  in  operation  at  the  Kansas  City  TV.’A  ground 
station  eighteen  months  ago.  Each  radio  frequency  unit  in  the 
transmitter  uses  a  pair  of  450TL's  in  the  output  stage.  The 
two  tubes,  which  we  operate  at  a  plate  potential  of  four 
thousand  volts,  deliver  two  and  one-half  kilowatts  to  the  an¬ 
tenna  with  a  surprising  degree  of  ease. 

^  During  the  early  stages  of  the  transmitter  development,  the  use 
of  Inexpensive  air-cooled  triodes  for  power  outputs  of  two  or 
^  three  kilowatts  was  the  topic  of  considerable  discussion. 

Various  estimates  of  the  tube  life  to  be  expected,  most  of  which 
1  were  not  very  encouraging,  were  made  by  interested  persons.  We 
I  were  confident,  however,  on  the  basis  of  experience  with  your 
/  smaller  tubes,  that  a  pair  of  450T’s  would  handle  this  job.  We 
/  now  have  many  450T’s  in  service  with  nearly  ten  thousand  hours 
/  of  satisfactory  operation. 

TWA  opened  its  fifth  station  of  this  kind  a  few  days  ago  and, 

^  in  so  Going,  placed  the  seventieth  450T  in  daily  operation. 

^50T  Installation  work  will  begin  immediately  on  five  more  stations, 
and  we  are  now  completing  plans  for  additional  installations 
which  will  bring  the  total  up  to  fifteen.  I  believe  that  this 
equipment  program  in  Itself  expresses  our  opinion  of  Eimac 
tubes. 


I 


EIMAC  REPRESENTATIVES 


Californio,  Navodo 
HFRB  BEC  KER. 
lOlih  St.  Lrn  AnKt'Icf.  C!il 

Woth.,  O'*  ,  Idaho,  Mont 

GENERAL  SALES  GO., 
VerntT  O.  Jcnst-n. 

Sri  onii  A  VC.. Seattle,  Wjsh. 
Colo.,  Wyo.,  Now  MeKico, 
Ariaono,  Utah 

RICHARD  A  HYDE. 
>2'  '  Quitman  St.,  Denvet, 
Colo. 


N  Coro  ,  S  Coro  ,  Gaorgio, 
Tonn  ,  Flor  ,  Ala  .  Mill 

JAMES  MILLAR.  \\6 
Ninth  St.  N  E  ,  Atlanta. 
Cirurttia 

N  Y  .  N  J.,  Ponn  .  Md  .  Ool.. 
Dili  of  Col.,  Moino,  N  H., 

R  1.,  Conn.,  Mott 
ADOLPH  SCHWARTZ. 
I  P2f>  Elm  Ave.,  EluihinK. 
New  York 


Toiot,  lo  ,  Ohio.,  Ark. 

J  EARL  SMITH.  2H21 
Live  Oak  St.,  Dallas, Texas 
Chicogo,  Illinois,  Wisconsin 
Ci  G.  RYAN.  M9  W 
Washinfcton  Blvd.,  C.hica- 
fto.  Ill 

Ohio.  Mich..  Ky..  Ind.,  Minn. 
Mo..  Kon.,  Nob.,  lowo 

PEEL  SALES  ENGI- 
NEERlNCi  CO  .E  R  Peel 
04  E.EneSt  .Chicaico,  III. 


Very  truly  your: 


-^/r.^’’Reiny 

Ground  Station  Radio  Engineer 
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so  THEY^RE  TUNING  TO 


ON  RADIOS  NOW! 


MOLDING  POWDER 


VN  intcn-stiiif;  proliltMii  \%as  lliis 
.  iH‘w  |n*  (liul  for  Mont«ioiiH*ry 
W  anl's  latest  iiHulrl  "Airline.” 


Also  iiioMeil  ill  are  the  depressed 
letters.  'I'liese  are  later  filled  uitli 
paint.  I'lius  a  striking  contrast  is 


It'i  (laor— with  a  Iwaiitifiil  soft  lustre.  In  crys¬ 
tal  form  it  is  practically  invisible,  transmitting 
a  liiph  percentage  of  light.  In  translucent  colors 
its  clarity  gives  unusual  eR^ects. 


'Pile  result  is  an  interesting  dial 

—  with  cnr\t‘d  face  "edge-lighteil" 
to  indicate  wa\e  hands. 

\ecording  to  Belmont  Ifadio 
f  .orp.,  these  two  factors — cicn  /ig/if 
tHstrilnttiini  and  rvlativvlv  loic  cosl 

-  inatle  ohvioiis  the  selection  of 
"l.ncite”  molding  powtier. 

Flexihility  of  tiesign  is  another 
point  they  nientitin.  The  four 
Corners  of  the  panel  are 
nioldeil  as  bosses  for  sim¬ 
plicity  in  inonnting. 


gi> en  hv  the  "etige-lighted”  letters 
in  the  clear,  transparent  dial  face. 

Nor  were  they  forgetting  the 
heantifni,  soft  lustre  of  "l.ncite” 
inethyl  methacrylate  resin  itself 
— the  crystal-clear  plastic  with  so 
many,  many  uses. 

Yon  can  depend  on  Du  Pont 
Plasties  for  modern,  functional 
applications.  For  more  infurniation 
write  Du  JN>nt,  Plastics 
Department,  Arlington, 
New  Jersey. 


PLASTICS 


It  •dgv-lightt  for  illiiminatoi  diaU  anil  nu¬ 
merals  (Hithoiit  glare),  .\utomotive  and  radio 
uses  are  increasing  constantly. 

It'i  tof •  —  because  it’s  tough  and  practically 
unbreakable.  Never  any  sharp,  jagged  edges 
or  fragments. 

It'»  strong  -withtensilestrengthT,0(M)toI0.000 
lbs.  |>er  si|.  in.  and  flexural  strength  lU.UOU  to 
12,(MK)  lbs.  |>er  s(|.  in. 

It't  waothor  rotittont  —  stable  in  clarity,  color. 
'I'bree-year  test  shoMs  no  apparent  change. 

It’*  chomicolly  r**i*tant — to  dilute  alcohols,  al- 
kal  is  and  mineral  salt  solutions. 

It  ho*  low  conduction  proportio*  —  pleasant  to 
touch  and  promising  insulation  applications. 
It’s  light  in  woight — sfiecific  gravity  1.16to  1.20. 
It  ho*  high  dioloctric  ttrongth — 

Dielectric  constant:  60  cycles,  3..v  to  4..v 
10*  cycles,  2..v  to  3.0 
Power  factor:  60  cycles,  0.06  to  0.08 
10®  cycles,  0.01  to  0.03 
It’s  uosily  moldud  —from  highway  reflectors  to 
wet  cell  batteries,  it’s  helped  solve  scores  of 
diflicult  jobs. 


Du  Pont  on  tho  Air — "Cavalcado  of  A morico"  Tuesdays,  9  p.m.,  E.S.T.,  over  NBC  networks 
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the  basic  circuit  of  Fip:.  1.  Not  shown 
are  other  types  which  arc  sometimes 
useful  in  combating  resonance  effects, 
inasmuch  as  a  dip  occurs  at  the  foot 


Frequency  —  cps 


Fig.  3 — Response  curves  of  typical 
receiver  using  bass  compensation 
system 

of  the  bass  rise.  This  is  obtained  by 
inserting  a  resistance  in  series  w’ith 
the  input  to  the  third  frrid.  Ordinarily 
the  dip  occurs  between  the  limits  of 
100  to  200  cps  dependint;  on  desijm  and 
is  capable  of  control  up  to  an  attenua¬ 
tion  of  some  10  db. 


THE  LOW-DOWN 
ON  ANODES 


Fig.  4 — Oscillogram  showing  low 
frequency  output  with  and  without 
compensation 


Inasmuch  as  the  “Syncrotronic”  sys¬ 
tem  herein  described  makes  possible  a 
very  larjre  amount  of  bass,  enouirh  in 
fact  to  compensate  for  all  the  losses 
frenerally  encountered,  it  becomes  feas¬ 
ible  to  make  provisions  for  adequate 
hiprh  frequency  response  w'ithout  exper¬ 
iencing  the  usual  sense  of  harshness. 

Experiments  have  shown  that  the 
Syncrotronic  system  of  compensation 
makes  possible  several  improvements 
over  the  usual  methods.  Amonp  the 
most  valuable  in  ordinary  usage  is  the 
provision  of  audible  and  adequate  true 
bass  at  extremely  low  levels  of  volume. 


Graphite  1.00  Tantalum 

Tungsten  0.30  Nickel  No.  I  0.025 

Molybdenum  0.24  Nickel  No.  2  0.001 

Get  tubes  with  Speer  Graphite  Anodes.  List  of  tube 
manufacturers  and  booklet  on  request. 


Calihration  Circuit  for 
Audio  Oscillators 

By  T.  J.  Rehfisch  and  H.  T.  Bissmire 

Murfihy  Radio,  lAd. 

The  ripple  voltage  in  the  output  of 
the  power  supply  unit  is  known  to  the 
engineer  as  an  unwanted  product  and 
of  interest  only  with  regard  to  its  sup¬ 
pression.  This  article  describes  a 
method  for  utilizing  the  “raw”  com¬ 
ponent  of  the  dc  in  making  a-f  mea¬ 
surements  with  the  accuracy  of  thi 
Greenwich  Time  Standard. 


ST.  MARYS,  PA. 

CHICAGO  •  CLEVELAND  •  DETROIT  •  MILWAUKEE 
NEW  YORK  •  PITTSBURGH 
Sjpe«r  Graphitm  Anodes  Moire  Good  Tubes  Better 
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jt  E  N  Z 

%,NEW  attd  IMPROVED 

mSL  LIGHT  SOCKET  ^ 


Tensile  strength  of  leads  and 
connections  far  in  excess  of 
requirements. 


Voltage  Breakdown  between 
contacts  — 1200  Volts. 
Voltage  Breakdown  to  ground  — 
5000  Volts. 


Center  contact  mounted  so  that 
it  cannot  protrude  from  shell 
and  short  on  chassis  when  lamp 
is  removed. 


Bakelite  Shell  is  recessed  for 
contacts,  which  cannot  be  push¬ 
ed  or  pulled  out  of  position. 


Lug  on  contact  fits  in  groove  in 
shell  so  that  contact  cannot  be 
turned  or  twisted  when  inserting 
lamp. 


Heavy  wall  Bakelite  Shell 


A  variety  of  different  mounting 
bracket  styles  available,  suitable 
for  practically  any  mounting. 


Brackets  on  grounded  type 
socket  welded  to  shell  prevent¬ 
ing  interference  due  to  vibration. 
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•  Complete  Wire  and  Socket 
Assembly  Accepted  in  Radio 
Receivers  listed  by  Under¬ 
writers  Laboratories. 


The  superiority  of  the  new  Lenz  Dial  Light  Socket,  both  electri¬ 
cally  and  mechanically  is  apparent  with  even  the  most  casual 
inspection. 

But  even  with  its  obvious  superiority  the  use  of  the  New  Lenz 
Dial  Light  Socket  will  not  add  to  the  cost  of  your  radio  chassis. 
Samples  will  be  gladly  submitted  upon  receipt  of  specifications. 
1  enz  Dial  Light  Sockets  are  made  in  both  the  two  wire  insulated 
type  with  bakelite  shell  and  the  single  wire  grounded  type  with 
metal  shell. 

LENZ  ELECTRIC 
MANUFACTURING  CO. 

1751  N.  Western  Ave.,  Chicago,  Illinois 


ENJOYING  ITS  35TH  YEAR  OF  SUCCESSFUL  BUSINESS 
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We 


honestly  believe  that  T  R  &  S  Rivets 
are  the  best  you  can  specify  for  your 
production  charts.  Because  T  R  &  S 
Rivets  are  as  close  to  perfection  as  skill, 
inspection  and  processes  of  manufac¬ 
ture  can  produce.  They  are  100% 
usable,  accurately  gauged,  and  are 
backed  by  the  integrity  of  the  world's 
oldest  and  largest  Tubular  and  Split 
Rivet  factory. 

Many  motorized  models  of  our  rivet  set¬ 
ting  machines  are  available  in  single 
stroke  and  multiple  drive.  Inquiries  are 
invited — together  with  samples  of  work 
you  wish  to  do. 


TUBULAR  RIVET  &  STUD  CO. 

World's  Largest  Manufacturers  of  T ubular 
and  Split  Rivets 

WOLLASTON  (Boston)  MASSACHUSETTS 
New  York  Chicago  Detroit  Indianapolis 
Son  Francisco  Nashville  Dallas  St.  Louis 


Audio  oscillators  of  the  beat-fre- 
!  quency  type  suffer  from  a  certain 
!  amount  of  drift  in  their  calibration.  It 
i  is  therefore  necessary  to  provide  means 
j  for  rapid  checking  and  resetting.  A 
trimmer  on  the  variable  condenser  is 
universally  provided  for  resetting. 
Various  methods  have  been  used  for 
I  checkinjr,  and  these  can  he  broadly  di¬ 
vided  into  two  classes:  tuned  reed  and 
;  zero  beat  methods. 

In  the  tirst  ^roup,  an  electrically- 
'  driven  tuned  reed  is  mounted  so  that 
'  it  may  be  observed  throu^rh  the  panel, 

I  the  coil  associated  with  the  reed  beinjr 
'  excited  by  the  output  of  the  beat  fre¬ 
quency  oscillator.  The  main  dial  is  set 
to  the  re.sonant  frequency  of  the  reed, 
and  the  trimmer  is  adjusted  for  maxi¬ 
mum  deflection  of  the  reed. 

Zero  beat  methods  fall  into  a  number 
of  categories.  The  most  straightfor¬ 
ward  is  the  one  in  which  the  output  of 
the  bfo  is  set  to  be  of  zero  frequency: 
the  procedure  is  to  turn  the  main  dial 
to  0  and  to  adjust  the  trimmer  until 
zero  beat  is  observed  on  a  meter  in  the 
output,  e.jr.,  an  a-c  voltmeter  or  a  d-c 
milliameter  in  the  anode  of  the  mixin^r 
valve;  the  adjustment  is  considered 
I  completed  when  the  meter  needle  exe- 
1  cutes  only  a  sinjrle  up  and  down  move¬ 
ment  in,  say,  10  or  more  seconds. 

Another  .scheme  of  zero  beat  adjust¬ 
ment  is  to  compare  the  output  with  the 
frequency  of  the  power  lines  or  its 
second  harmonic;  detection  may  then 
be  aural  or  by  a  meter  fitted  with  a 
rectifier.  Recently,  the  tendency  has 
been  to  replace  the  meter  by  a  visual 
tuninjr  indicator  for  the  sake  of  con¬ 
venience,  economy  and  electrical  robust¬ 
ness.  The  movement  of  the  meter 
needle  is  then  replaced  by  the  shutting' 
and  opening?  of  the  dark  area  of  the 
“eye”. 

A  Circuit  Employing  a  Cathode  Kay 
Indicator 

It  can  be  shown  that  for  maximum 
accuracy,  it  is  undesirable  to  check  the 
calibration  at  the  extreme  end  of  the 
scale  and  to  restrict  the  check  to  a 
I  single  point.  Moreover,  it  is  inconven¬ 
ient  to  be  forced  to  switch  or  alter  con¬ 
nections  in  order  to  effect  the  check. 
These  objections  are  overcome  by  the 
circuit  shown  in  the  figure. 

A  conventional  power  pack,  consist¬ 
ing  of  a  full  wave  rectifier  working  in- 


Circuil  for  calibrating  audio 
otcillatort 
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IRC 


A  POSITIVE 

PRESSURE  RAND  FOR 
ADJUSTAHLE  RESISTORS 


Heal>re>istanl, 
conilanl-presture 
stainless  steel 
spring  spot- 
welded  to  bond. 


V  Prevents  Oxidation  and  Corrosion  at 

Point  of  Contact 

V  Eliminates  Wire  Damage  and  Breakage 

^  Cannot  be  Adjusted  too  Tightly 

V  Designed  for  High  Temperatures 

It.  was  a  design  engineer  who  classified  adjustable  resistors 
as  a  “necessary  evil" — necessary  because  nothing  can  replace 
their  convenience  in  adjusting  resistance  values  to  fit  circuit 
requirements,  evil  because  this  adjusting  so  often  results  in 
damaged  of  broken  windings.  Furthermore,  conventional- type 
bands  with  steel  buttons  provide  opportunities  for  oxidation 
and  corrosion. 


V  ^  Po»itive  pressure 
IT  of  contact  button 


on  wire  never 
varies  —  never 
damages. 


Thread  on  band 
no  nut  required. 


The  new  IRC  Positive  Pressure  Contact  Band  removes  these 
troubles  once  and  for  all.  No  matter  how  much  you  tighten  the 
band  itself,  the  pressure  of  the  silver  contact  button  on  the 
winding  remains  safe,  constant  and  positive.  No  matter  how 
often  the  bands  are  readjusted,  there  is  no  danger  to  the  wind* 
ings.  The  silver  button  prevents  oxidation  and  corrosion, 
insuring  good  trouble-free  contact  at  all  times. 

The  band  is  cold-rolled  steel  heavily  cadmium  plated.  The 
silver  contract  button  is  spot-welded  to  a  heat-resistant  stainless 
steel  spring  which  assures  constant  pressure  on  the  windings 
at  all  times.  The  units  will  not  deteriorate  under  high  operating 
temperatures  or  constant  use.  They  are  available  in  Vit",  and 
1V4"  diameters  for  all  IRC  Cement  Coated  Adjustable  Power 
Wire  Wound  Resistors  from  25  to  200  watts  inclusive. 

FREE  SAMPLE  resistor  with  new  band  gladly  supplied 
to  manufacturers  of  original  equipment  or  operating 
companies  upon  receipt  of  specifications.  Write  for  IRC 
Bulletin  No.  IV  describing  all  types,  sizes  and  shapes 
of  Power  Wire  Wound  Resistors  for  every  need. 


Flexible  sec¬ 
tion  permits 
easy  bending 
for  attaching 
bandto  resistor 
without  dis¬ 
turbing  radius. 


Silver  contoct  but¬ 
ton  eliminotes  oxi¬ 
dation  and  open 
circuits. 


INTERNATIONAL  RESISTANCE  COMPANY 

403  N.  Broad  Street,  Philadelphia/  Pa. 


RESISTO 
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S^^RICPIARDSON  COMPANY 


MCLROSC  PARK  CHICAGOj  ILL  FOUNDED  1858  LOCKLAND.  CINCINNATI*  OHIO 
NEW  BRUNSWICK.  N  J  INDIANAPOLIS.  IND 

DETROIT  OFFICE  4-252  G  M  BUILDING.  PHONE  MADISON  9386 
NEW  YORK  OFFICE  75  WEST  STREET,  PHONE  WHITEHALL  4-4487 


to  a  2-section  filter  with  series  choke 
input  is  employed  to  feed  the  instru¬ 
ment  with  rectified  and  smoothed  dc. 
The  “zero  beat”  detection  device  is  a 
majric  eye  and  the  associated  circuit 
shown  in  the  figure;  a  Mazda  ME41 
was  actually  used.  Its  “leaky  grid”  is 
fed  with  8  to  20  volts  of  audio  from  the 
plate  of  the  output  tube  or  the  buffer- 
amplifier  tube  preceding  the  latter.  The 
series  circuit  />|-C,  is  fed  from  the 
cathode  of  the  full  wave  rectifier;  the 
wave  form  of  the  voltage  at  this  point 
is  well  known;  the  a-c  component  con¬ 
sists  of  a  fundamental  of  120  cps  (wdth 
OO-cps  power;  100  cps  with  00-cps  pow¬ 
er)  and  a  series  of  harmonics,  the  am¬ 
plitude  of  the  harmonic  being  the 
smaller  the  higher  the  harmonic.  The 
circuit  LrCi  is  tune<l  so  as  to  inject 
into  the  cathode  of  the  indicator  the 
frequency  at  which  it  is  desired  to 
check  the  oscillator — 180  cps  in  the 
ca.se  shown.  Since  the  audio  input  from 
the  bfo  is  sufficient  to  drive  the  grid 
well  into  the  non-linear  region,  the  volt¬ 
age  at  the  plate-shield  of  the  magic  eye 
would  contain  components  of  the  orig¬ 
inal  frequencies  injected  as  well  as  sum 
and  difference  components;  the  by-pass 
condenser  however,  acts  as  a  short 
to  ground  on  the  shield  for  all  fre<iuen- 
cies  exceeding  a  few  cps.  The  procedure 
for  setting  the  instrument  is  therefore 
as  follows:  with  the  dial  set  to  480  cps, 
the  width  of  the  dark  area  of  the  eye 
will  narrow  and  widen  slowly;  the  rate 
of  this  movement  is  reduced  to  zero  by 
rotating  the  trimmer  on  the  variable 
condenser. 

Since  the  iron-cored  coil  L,  has  a 
large  ohmic  component,  the  resonance 
effect  of  the  tuned  circuit  is  not  very 
sharp.  Hence,  a  more  feeble  narrowing 
and  w'idening  of  the  dark  area  is  ob¬ 
served  at  800  and  000  cps  and  so  are 
some  negligible  indications  at  other 
harmonics  of  120  cps.  However,  there 
need  be  no  fear  of  ambiguity  owing  t(' 
the  differences  in  strength  of  indica¬ 
tion;  besides,  it  is  unlikely  that  the 
trimmer  will  cover  more  than  120  cps 
at  the  low  end  of  the  scale.  Incidentally 
the  circuit  also  acts  as  an  indicator  for 
zero  frequency  output.  Owing  to  the 
large  resistance  in  the  supply  line  to 
the  grid  of  the  eye,  no  feL*d  back  into 
the  output  of  the  bfo  occurs  and  the 
eye  can  be  left  in  circuit  permanently. 

By  giving  a  suitable  value  to  C,  it  is 
possible  to  select  the  fundamental  or 
any  of  the  first  10  or  .so  harmonics  of 
120  cps  as  a  standard  of  reference 
Indeed,  by  providing  for  /v,  and  C|  to 
,  be  interchanged  easily,  the  circuit 
could  be  employed  as  a  very  accurate, 
if  only  subsidiary  moans,  of  primary 
calibration  up  to  2-  or  3,000  cps. 

Although  these  high  harmonics  of 
the  ripple  voltage  are  quite  small 
at  the  rectifier  cathode,  the  amplifica¬ 
tion  of  the  series  tuned  circuit  rist  s 
sufficiently  to  offset  this  effect  render- 
:  ing  possible  a  clear  “zero  beat”  indi¬ 
cation. 

Thanks  are  due  to  Murphy  Radio, 
Ltd.,  for  permission  to  publi.sh  this 
material  which  is  in  part  based  on  work 
done  in  their  laboratories. 


That’s  the  reward  for  using  INSUROK  electrical  insulation 
—  installed  and  forgotten.  This  precision  plastic  possesses 
qualities  and  characteristics  that  make  it  wholly  dependable. 


the  Superior  Precision  Plastic 

When  Richardson  set  about  to  produce  a  plastic  for  the  elec¬ 
trical  industry,  only  one  result  was  sought — the  product  must* 
be  the  best  that  could  be  produced.  How  well  INSUROK 
met  this  requirement  is  proved  by  its  increasingly  widespread 
use  where  difficult  operating  conditions  are  encountered,  by 
its  ability  to  deliver  the  utmost  satisfaction,  out  of  sight,  and 
out  of  mind. 


RICHARDSON  TECHNICAL  SERVICE.  Many  users  of 
INSUROK  find  Richardson  Technical  Service  indispensable. 
You  are  invited  to  avail  yourself  of  these  comprehensive 
facilities  —  without  obligation,  of  course. 


June  J940  — FXECTROMUS 
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I  Instniments 


ELECTRIC  CONTROLS 


Phototube  Controls  Printing 
Exposures  Aiitoiiiutieally 

A  COMMERCIAL  FORM  of  automatic  pho¬ 
tographic  printing  control  device  haa 
been  made  available  through  the  East¬ 
man  Kodak  Co.,  including  phototube 
control  circuits  produced  by  the  G-M 
Laboratories  under  F^astman’s  patents. 
The  device  is  intended  to  make  as 
nearly  as  automatic  as  possible  the 
printing  of  standard  size  enlargements 
from  small  films.  Reduction  in  waste 
of  paper,  more  uniform  prints  and  re¬ 
duced  training  time  for  the  operator 
are  among  the  advantages  which  result. 

Essentially  the  automatic  printing 
control  device  is  a  photoelectric  inte¬ 
grator.  Charge  applied  to  a  capacitor 
in  the  grid  circuit  of  a  relay  tube  is  al¬ 
lowed  to  leak  off  through  a  phototube, 
at  a  rate  proportional  to  the  amount  of 
light  hitting  the  phototube.  This  light 
is  obtained,  through  a  beam  splitting 
device,  from  the  light  projected  from 
the  negative  to  the  enlargement  paper. 
When  sufficient  light  has  been  received 
by  the  phototube  to  discharge  the  con¬ 
denser,  the  relay  tube  operates  the  re¬ 
lay  and  terminates  the  exposure.  The 
amount  of  light  received  depends  on  the 
density  of  the  negative,  and  the  effect 
is  to  obtain  an  almost  uniform  quantity 
of  light  falling  on  the  enlargement 
paper,  whether  the  negative  is  thin  or 


Every  item  in  the  line  of  Ward  Leonard  Controls  is  an 
outstanding  product  of  sound  engineering,  practical 
designing  and  careful  manufacture  .  .  .  each  planned  to 
meet  a  specific  set  of  conditions  in  industry.  The  absolute 
dependability  and  ruggedness  of  Ward  Leonard  Controls 
make  them  ideal  controls  to  be  built  into  machines  and 
equipment  the  maintenance  of  which  is  expensive  or  difficult. 

Bulletins  available  describing 

RELAYS  RHEOSTATS  RESISTORS  CONTACTORS 

SPEED  REGULATORS  MOTOR  STARTERS  VOLTAGE  REGULATORS 

WARD  LEONARD 

Electric  Control  Devices  Since  1892 

Ward  Leonard  Electric  Co.,  32  South  Street,  Mount  Vernon,  N.  Y. 

Please  send  me  bulletin  describing  . 


Address. 


Electrical  and  mechanica.  arrange¬ 
ments  of  the  photoelectric  exposure 
control 

The  accompanying  diagram  show- 
the  physical  arrangement  of  the  device. 
The  projection  lamp  illuminates  the 
negative  and  the  image  is  projected 
upwards  to  the  paper  platen.  The  im¬ 
age  is  intercepted,  however,  by  a 
magnetically  controlled  shutter  and  b  ’ 
a  beam  splitting  mirror  which  trans¬ 
mits  part  of  the  light  directly  to  the 
enlargement  paper  and  the  remaindi  r 
of  it  to  the  phototube.  The  switching 
of  the  circuit  is  so  arranged  that  when 
the  top  of  the  paper  platen  is  closed,  the 
magnetically-operated  shutter  is  drawn 
back,  and  the  exposure  begins.  Simul¬ 
taneously  the  safe  light  is  turned  out 
and  the  phototube  begins  to  discharge 
the  condensers  in  the  grid  circuit  of  the 
relay  tube.  This  initial  tube  is  directly 
coupled  to  the  final  relay  tube  contaiii- 
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inp:  the  relay  circuit  which  terminates 
the  exposure  by  closing  the  shutter 
when  sufficient  light  has  been  received 
by  the  phototube  to  discharge  the  con¬ 
denser.  A  rectifier  tube  is  also  in¬ 
cluded  for  power  supply. 

The  operator  follows  an  extremely 
simple  routine  in  using  the  printer. 
First  he  places  the  negative  in  the 
printing  position  and  judges  the  con¬ 
trast  range  so  as  to  select  the  propei’ 
grade  of  printing  paper  for  the  nega¬ 
tive  (soft,  medium  or  contrast  type). 
A  button  corresponding  with  the  grade 
of  paper  is  then  depressed  in  the  con¬ 
trol  switch,  the  paper  placed  in  posi¬ 
tion  on  the  paper  platen,  and  the 
platen  cover  pressed  down.  The  auto¬ 
matic  cycle  of  operation  then  occurs. 
When  the  exposure  is  completed  the 
safe  light  again  lights  and  the  oper¬ 
ator  removes  the  paper  which  is  then 
ready  for  development  and  fixing. 
Potentiometer  adjustments  are  in¬ 
cluded  in  the  circuit,  so  that  the  volt¬ 
age  to  which  the  grid  condenser  is 
originally  charged  may  be  controlled 
in  terms  of  the  type  of  paper  used,  and 
also  to  compensate  for  minor  variations 
between  different  emulsion  numbers  of 
the  same  grade  of  paper. 


The  DuMont  Type  208 
Cathode-Ray  Oscilloqraph 
incorporating  many  new 
features  and  refinements, 
including  nearly  15-inch 
time  base,  with  21/2  times 
full-scale  deflection.  Ex¬ 
tended  sweep-frequency 
range — 2  to  50,000  cycles. 
Amplifiers  flat — 2  to  100,- 
000  sinusoidal  cycles  per 
second.  ^ 

By  direct  coupling  into  the 
grid  of  a  cathode-loaded 
tube,  as  shown  below, 
and  by  subsequent  attenu¬ 
ation  in  a  low  impedance 
circuit,  all  frequency  dis¬ 
crimination  of  the  input 
attenuator  is  avoided  in 
this  instrument. 


OUTPUT 


Telliiriulii-Vapor 
Lamp  Produces 
Continuous  S|)ectruui 

\  NEW  TYPE  OK  VISIBLE  light  source  has 
been  developed  in  the  research  labora¬ 
tories  of  the  Westinghouse  Lamp  Divi¬ 
sion  at  Bloomfield,  N.  J.,  employing 
tellurium  vapor  as  the  illuminant.  Tel- 


Tolta  on  the  grid  of  a  triode  without 
affecting  voltage  linearity;  it  was  es¬ 
sential  that  the  d.c.  component  of  the 
signal  be  eliminated  during  attenua¬ 
tion  without  affecting  the  low-frequency 
response  of  two  sinusoidal  cycles  per 
second;  and  a  resistance-capacitance 
compensated  voltage-divider  was  to  be 
provided  for  input  signals  as  high  as 
250  r.m.s.  volts  without  changing  the 
input  characteristics  of  the  instrument. 


ATTENUATION  is  iust  one  of  the 
many  problems  which  are  carefully 
considered  in  the  design  of  o  new 
cathode-roy  oscillograph.  A  com¬ 
promise  between  the  ideal  and  the 
practical  must  always  be  effected.  And 
so  the  input  circuit  for  the  DuMont 
Type  208  Cathode-Ray  Oscillograph, 
shown  above,  is  in  our  opinion  one 
of  the  most  satisfactory  arrangements 
ever  developed  for  solving  this  annoy¬ 
ing  problem. 

The  use  of  a  cathode-loaded  impedance 
transformer  is,  in  itself,  nothing  im- 
usual.  But  in  placing  such  a  trans¬ 
former  on  the  input  of  a  cathode-ray 
oscillograph,  such  as  the  Type  208 
instrument,  we  were  obliged  to  place 
the  power  supply  potential  with  its 
ripple  and  surges  on  the  input  of  an 
amplifier  having  a  voltage  gain  of 
2000  times,  without  having  such  dis¬ 
tortions  appear  in  the  output,  it  was 
necessary  to  proportion  circuit  con¬ 
stants  to  permit  a  swing  of  75  d.c. 


R.4DIO  THERAPY  AIDS 
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All  this  has  been  accomplished  in  the 
new  DuMont  Type  208  Cothode-Roy 
Oscillograph.  The  result  is  a  response- 
vs.-frequency  characteristic  which  is 
uniform  regardless  of  attenuation. 


This  and  many  other  outstanding  fea¬ 
tures  of  this  new  cathode-ray  oscillo¬ 
graph  are  described  in  a  new  booklet 
iust  off  the  press.  Send  us  yo\ir  name 
and  address,  asking  for  Bulletin  48. 
We  ore  pleased  ourselves  with  this 
instrument  and  would  like  you  to  know 
more  about  it. 


This  child  whose  legs  have  been 
useless  since  birth  is  now  beginning 
to  walk  without  help  as  a  result 
of  the  application  of  ultra-high-fre¬ 
quency  radio  therapy.  He  is  a 
patient  in  the  Camden  Road  Clinic 
in  England  where  treatments  are 
administered  at  low  cost 


ALLEN  8.  DU  MONT  UBS.,  Inc 

Passaic  if  New  Jersei 


^  Cable  Address: 
Wespexlin,  New  York 
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AmerTran  selected  by  the  Inventor  and  R.E.L 
engineers  to  cooperate  in  development  of 
equipment  for  new  radio  transmission  system. 


The  above  serves  merely  as  additional  evidence  of 
the  fact  that  AmerTran  is  well  equipped  with  experi¬ 
ence,  engineering  skill  and  facilities  to  supply  all  man¬ 
ner  of  radio  transformer  equipment,  regardless  of  how 
special  it  may  be.  Let  us  submit  data  on  transformers 
for  your  requirements. 


Three  F-M  radio  transmitters  for  which  AmerTran  supplied 
the  transformer  equipment: 

Top — Major  E.  H.  Armstrong's  experimental  F-M  station 
at  Alpine,  N.  J.  |W2XMN). 

Center — The  new  50-Kw.  F-M  station  WIXOJ  (Yankee 
Network)  at  Paxton,  Mass.,  to  be  visited  by 
delegates  of  the  I.R.E.  convention,  Boston, 
June  27-29. 

Lower — A  standard  5-Kw.  R.E.L.  F-M  transmitter.  Amer¬ 
Tran  equipped. 


AMERICAN  TRANSFORMER  GO. 


178  Emmet  St. 


Newark,  N.  J. 


I  N  the  development  of  transformer  equipment  for 
F-M  transmitters,  AmerTran  has  again  played  an  im¬ 
portant  part,  just  as  it  has  with  other  important  refine¬ 
ments  in  radio  since  the  days  of  the  first  wireless 
stations  in  1901.  First,  we  were  called  upon  to  supply 
transformers  for  Major  E.  H.  Armstrong's  40-Kw.  ex¬ 
perimental  transmitter  (W2XMN)  at  Alpine,  N.  J. 
Later  AmerTran  transformers  were  selected  for  the 
first  commercial  5,000-  and  50,000-watt  installations. 


.>lanufMriured  Sinre  1901 


injr  the  relay  circuit  which  terminates 
the  exposure  by  closing;  the  shutter 
when  sufficient  li^ht  has  been  received 
by  the  phototube  to  dischaixe  the  con¬ 
denser.  A  rectifier  tube  is  also  in¬ 
cluded  for  power  supply. 

The  operator  follows  an  extremely 
simple  routine  in  usinjr  the  printer. 
First  he  places  the  negative  in  the 
printing  position  and  judges  the  con¬ 
trast  range  so  as  to  select  the  propei- 
grade  of  printing  paper  for  the  nega¬ 
tive  (soft,  medium  or  contrast  type). 
A  button  corresponding  with  the  grade 
of  paper  is  then  depressed  in  the  con¬ 
trol  switch,  the  paper  placed  in  posi¬ 
tion  on  the  paper  platen,  and  the 
platen  cover  pressed  down.  The  auto¬ 
matic  cycle  of  operation  then  occurs. 
When  the  exposure  is  completed  the 
safe  light  again  lights  and  the  oper¬ 
ator  lemoves  the  paper  which  is  then 
ready  for  development  and  fixing. 
Potentiometer  adjustments  are  in¬ 
cluded  in  the  circuit,  so  that  the  volt¬ 
age  to  which  the  grid  condenser  is 
originally  charged  may  be  controlled 
in  terms  of  the  type  of  paper  used,  and 
also  to  compensate  for  minor  variations 
between  different  emulsion  numbers  of 
the  same  grade  of  paper. 


The  DuMont  Type  208 
Cathode-Ray  Oscilloqraph 
incorporatinq  many  new 
ieaturei  and  reiinementi, 
includinq  nearly  IS-inch 
time  base,  with  21/2  timet 
full-scale  deflection.  Ex¬ 
tended  sweep-frequency 
ranqe — 2  to  50.000  cycles. 
Amplifiers  flat — 2  to  100.- 
000  sinusoidal  cycles  per 
second.  ^ 

By  direct  couplinq  into  the 
qrid  of  a  cathode-loaded 
tube,  at  shown  below, 
and  by  stibsequent  attenu¬ 
ation  in  a  low  impedance 
circuit,  all  frequency  dis¬ 
crimination  of  the  input 
attenuator  is  avoided  in 
this  instrument. 


OuTPyj 


I  elliiriiiiii-\  apor 
Lamp  Profliioes 
CoiitiniioiiH  Spectriiiii 

A  NEW  "n  PE  OF  VISIBLE  light  source  has 
been  developed  in  the  research  lahttra- 
tories  of  the  Westinghouse  Lamp  Divi¬ 
sion  at  Bloomfield,  N.  J.,  employing 
tellurium  vapor  as  the  illuminant.  Tel- 


Tolts  on  the  grid  of  a  triode  without 
affecting  voltage  linearity;  it  was  es¬ 
sential  that  the  d.c.  component  of  the 
signal  be  eliminated  during  attenua¬ 
tion  without  affecting  the  low-frequency 
response  of  two  sintuoidal  cycles  per 
second:  and  a  resistance-capacitance 
compensated  voltage-divider  was  to  be 
provided  for  input  signals  as  high  as 
250  r.m.s.  volts  without  changing  the 
input  characteristics  of  the  instrument. 


ATTENUATION  is  lust  one  of  the 
many  problems  which  are  carefully 
cotuidered  in  the  design  of  a  new 
cathode-ray  oscillograph.  A  com¬ 
promise  between  the  ideal  and  the 
practical  must  always  be  effected.  And 
so  the  input  circuit  for  the  DuMont 
Type  208  Cathode-Ray  Oscillograph, 
shown  above,  is  in  our  opinion  one 
of  the  most  satisfactory  arrangements 
ever  developed  for  solving  this  annoy¬ 
ing  problem. 

The  use  of  a  cathode-loaded  impedance 
transformer  is,  in  itself,  nothing  un¬ 
usual.  But  in  placing  such  a  trans¬ 
former  on  the  input  of  a  cathode-ray 
oscillograph,  such  as  the  Type  208 
instrument,  we  were  obliged  to  place 
the  power  supply  potential  with  its 
ripple  and  surges  on  the  input  of  an 
amplifier  having  a  voltage  gain  of 
2000  times,  without  having  such  dis¬ 
tortions  appear  in  the  output,  it  was 
necessary  to  proportion  circuit  con¬ 
stants  to  permit  a  swing  of  75  d.c. 


RADIO  THERAPY  AIDS 
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All  this  has  been  accomplished  in  the 
new  DuMont  Type  208  Cathode-Ray 
Oscillograph.  The  result  is  a  response- 
vs.-frequency  characteristic  which  is 
uniform  regardless  of  ottenuation. 


This  and  many  other  outstanding  fea¬ 
tures  of  this  new  cathode-ray  oscillo¬ 
graph  are  described  in  a  new  booklet 
just  off  the  press.  Send  us  your  name 
and  address,  asking  for  Bulletin  48. 
We  ore  pleased  ourselves  with  this 
instrument  and  would  like  you  to  know 
more  about  it. 


This  child  whose  legs  have  been 
useless  since  birih  is  now  beginning 
to  walk  without  help  as  a  result 
of  the  application  of  ultra-high-fre- 
quency  radio  therapy.  He  is  a 
patient  in  the  Camden  Road  Clinic 
in  England  where  treatments  are 
administered  at  low  cost 


ALLEN  B.  DU  MONT  UBS.,  Inc 

Passaic 


Coble  Address: 
Wespexlin,  New  York 


New  Jersey 
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AmerTran  selected  by  the  Inventor  and  R.E.L. 
engineers  to  cooperate  in  development  of 
equipment  tor  new  radio  transmission  system. 


I  N  the  development  of  transformer  equipment  for 
F-M  transmitters,  AmerTran  has  again  played  an  im¬ 
portant  part,  just  as  it  has  with  other  important  refine¬ 
ments  in  radio  since  the  days  of  the  first  wireless 
stations  in  1901.  First,  we  were  called  upon  to  supply 
transformers  for  Major  E.  H.  Armstrong's  40-Kw.  ex¬ 
perimental  transmitter  (W2XMN)  at  Alpine,  N.  J. 
Later  AmerTran  transformers  were  selected  for  the 
first  commercial  5,000-  and  50,000-watt  installations. 


I  HE  above  serves  merely  as  additional  evidence  of 
the  fact  that  AmerTran  is  well  equipped  with  experi¬ 
ence,  engineering  skill  and  facilities  to  supply  all  man¬ 
ner  of  radio  transformer  equipment,  regardless  of  how 
special  it  may  be.  Let  us  submit  data  on  transformers 
for  your  requirements. 


Three  F-M  radio  transmitters  for  which  AmerTran  supplied 
the  transformer  equipment: 

Top — Major  E.  H.  Armstrong's  experimental  F-M  station 
at  Alpine,  N.  J.  (W2XMN). 

Center — The  new  50-Kw.  F-M  station  WlXOJ  (Yankee 
Network)  at  Paxton,  Mass.,  to  be  visited  by 
delegates  of  the  I.R.E.  convention,  Boston, 
June  27-29. 

Lower — A  standard  5-Kw.  R.E.L.  F-M  transmitter.  Amer¬ 
Tran  equipped. 


178  Emmet  St. 
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WRITE  FOR  FURTHER  INFORMATION 

Our  engineering  staff  will  be  pleased  to  assist  you, 
without  obligation,  by  planning  the  proper  turnstile 
antenna  for  your  particular  building  or  supporting 
tower.  Inquiries  should  indicate  planned  frequency, 
number  of  turnstile  bays  desired,  location  and  height 
of  building  or  supporting  tower,  etc. 

JOHN  E.  LINGO  &  SON,  INC. 

Licensed  Manufacturers  of  Patented  Turnstile 
Antennas 

DEPT.  E-6  CAMDEN,  NEW  JERSEY 


VERTICAL 


RADIATORS 


Photo  shotrs  first  turnstile  antenna  in  com- 
mercial  service,  built  hr  LINGO  in  1937 
for  RCA  for  facsimile  operation  at  Colum- 
bia-Presbyterian  Medical  Center,  New  York 
City. 

Several  LINGO  turnstile  antennas  ‘are  in  use 
by  Maj.  E.  H.  Armstrong  at  W’2XMN,  Alpine, 
N.  J.;  and  by  the  Yankee  Network. 


Now,  already  proven  by  actual  years  of  use  by 
pioneers  in  Frequency  Modulation,  LIINGO  Tl  RN- 
STILE  ANTENNAS  are  recognized  as  ideal  for  FM 
transmission.  These  patented  antennas  provide  the 
utmost  in  performance  and  efficiency.  Our  own 
pioneering  in  this  new  field  of  broadcasting  enable), 
us  to  furnish  complete  turnstiles  comprising  the 
essential  tubular  steel  mounting  pole,  elements.  , 
insulators,  wires,  bands,  etc.  Specially  designed  for  ' 
each  application  for  installation  on  buildings  or 
supporting  towers. 


luriuni,  the  r)2n(l  element  in  the  periodic 
table,  has  been  found  to  produce  a  con¬ 
tinuous  visible  spectrum  of  litrht  which 
is  almost  exactly  the  same  as  that  of 
direct  sunlight.  This  particular  type  of 
radiation  is  produced  only  when  the 
operatinjr  temperature  of  the  vapor  is 
low,  at  low  pressure,  and  with  low 
power  input.  As  the  temperature  pres¬ 
sure  and  power  input  increase,  the  color 
changes  increasingly  in  the  direction  of 
yellow,  finally  reaching;  a  color  some¬ 
what  similar  to  that  of  sodium  vapor. 

The  efficiency  of  the  vapor  w’hen  used 
for  white  lipht  radiation  is  low,  only 
about  one-third  that  of  the  usual  60- 
watt  incandescent  lamp.  But  at  the 
maximum  practical  input  the  tellurium 
lamps  are  almost  as  efficient  as  mer¬ 
cury  and  sodium  vapor  lamps,  which 
are  very  much  more  efficient  than  in¬ 
candescent  sources.  The  tellurium  used 
must  be  hijrhly  purified,  and  the  lamp 
must  contain  an  inert  pas  (such  as 
neon)  to  aid  in  starting  the  discharpe. 
This  inert  pas  is  quickly  absorbed  by 
the  metallic  vapor  so  a  pas  reservoir 
must  be  attached  to  the  lamp.  Another 
requirement  is  that  the  lamp  be  oper¬ 
ated  on  pure  direct  current.  The  vapors 
of  Zinc  and  cadmium  have  also  been 
successfully  used  in  lamps  of  this  type. 
However,  the  spectral  output  of  these 
latter  lamps  is  confined  to  a  few  spec¬ 
tral  lines.  Lipht  from  cadmium  consists 
principally  of  red,  preen  and  blue,  while 
that  from  zinc  is  composed  of  red  and 
blue  only.  The  zinc  and  cadmium  lipht 
lamps  may  be  used  in  conjunction  with 
mercury  vapor  discharpe  lamps  to  pro¬ 
duce  approximately  white  lipht.  No 
immediate  commercial  applications  are 
contemjdated  for  the  new  lamps. 


•  •  » 


Phototube  Inspects 
Steel  Strips  for  Pinholes 

A  RECENT  INSTALLATION  of  pinhole  de¬ 
tector  apparatus  has  been  made  by 
Westinphouse  to  allow  continuous  in¬ 
spections  of  steel  sheets  movinp  up 
to  1,000  feet  per  minute.  The  device  is 
intended  to  spot  holes  as  sniall  1/100 
inch  in  diameter  and  to  mark  the  sheets 
opposite  any  holes  which  are  so  de¬ 


installation  for  continuous  detection 
of  pinholes  in  steel  sheet 


FREQUENCY  STABILITY 

OVER  ROOM  TEMPERATURE 
RANGE  OF  32°  TO  122°F 


Four  Times  Better  Than 

F.C.C.  Requirements! 

.  .  .  in  a  5 1  2-hour  test  over  an  ambient  temper¬ 
ature  range  of  90°  F,  That’s  what  actual  meas¬ 
urements  on  a  typical  G-E  frequency-modulation 
transmitter  showed.  And  even  better  stability  is 
obtained  under  normal  conditions. 

G.E.  Does  It  Simply! 

A  single  low-coefficient  quartz  crystal  unit  (tem¬ 
perature  controlled)  controls  the  frequency.  Mean 
carrier  frequency  is  electronically  compared  to  a 
multiple  of  crystal  frequency.  Tendency  to  drift 
is  instantaneously  ca.icelled  by  automatic  appli¬ 
cation  of  a  corrective  voltage  of  the  proper  mag¬ 
nitude  to  the  reactance-tube  modulator. 

Correct  carrier  frequency  is  thus  maintained  by 
direct  comparison  to  a  precise  crystal  frequency. 

Why  the  Simplified  G-E  Design? 

Greater  dependability;  keeps  you  “on  the  air”  — 
an  important  feature  in  commercial  operation. 
Amazing  accessibility:  every  part  and  wire  easily 
reached  without  disassembly;  all  tubes  instant¬ 
ly  accessible  by  opening  main  access  doors! 
Small  tube-complement;  only  31  tubes  in  entire 
1-kw  transmitter 
Low  tube  cost 

Single  crystal  control;  accurate;  positive 

Easy  to  operate 

Small  floor-space  requirement 

Only  simple  shielding  required,  giving  easy  ac¬ 
cess  to  circuit  components 
Fewer  parts;  less  space  needed 

Additional  Performance  Characteristics 

(measured  on  typical  production  transmitter) 
Audio-frequency  response:  Flat  to  within  =^0.5 
db,  from  30  to  15,000  cycles. 

Harmonic  distortion: 

30  cycles  =  0.9  RMS 
100  cycles  =  0.6  *  p  RMS 
1000  cycles  =  0.55*  f  RMS 
5000  cycles  =  1.25*  0  RMS 
7500  cycles  =  1.5  *o  RMS 
Carrier  noise-level:  FM  noise  down  65  db  from 
modulation  level  at  =^60  kc  carrier-frequency 
deviation.  (Down  70  db  at  =*=100  kc  deviation) 
A-M  hum  down  55  db.  All  values  unweighted. 
Linearity:  Within  =*=0.1  db  up  to  =*=75  kc  carrier 
frequency  deviation. 

Cross  Modulation:  0.7 *  t  RMS  at  =*=60  kc  deviation 
with  signal  inputs  of  400  and  700  cycles,  and 
4000  and  7000  cycles. 


The  complete  G-E  l-kw  FM  trans¬ 
mitter;  less  than  10  square  feet 
of  floor  space  is  required 


tected.  The  application  in  this  case 
is  to  a  steel  mill  shearing  line,  for 
siniplifyinfr  quality  production.  Two 
bright  lifrht  sources  are  mounted  in  a 
cabinet  over  the  flyinjr  strips.  Under¬ 
neath  the  sheets  is  the  phototube  hous- 
in>r  which  is  mounted  upon  a  separate 
foundation  to  avoid  vibration.  Any 


The  control  equipment  oi  the  pin^ 
hole  detector 


hole  in  the  steel  permits  the  li^rht  to 
actuate  the  phototube,  which  in  turn 
operates  a  relay  contn)llintr  the  mark- 
in>r  device.  This  device  scores  the  steel 
strip  alontrside  the  hole.  .After  passintj 
the  pinhole  detector,  the  strip  is  cut  to 
exact  lenjrths  in  a  flying  shear,  after 
which  the  cut  strip  k<H‘s  to  the  classify¬ 
ing  equipment  which  dischar^res  any 
defective  sheets  to  a  pit  below  the  mill. 


High-Frequency  radio  coils  manufactured  by  the  F.  W.  Sickles  Co. 
Springfield,  Mass.  Textolite  fabricated  tubing  is  used. 


THK  PROFILOMETKR 


AND  TEXTOLITE  MORE  THAN  MEET  THE 
SPECIAL  INSULATION  REOUIREMENTS 


For  any  electrical  radio  or  electronic  port  that  requires  complete 
insulation  you  will  Find  Textolite  laminated  an  excellent  material. 
Its  many  grades  permit  a  wide  selection — you  can  easily  choose  the 
right  grade  to  do  the  best  job  for  you. 

And  as  for  forms,  Textolite  is  available  in  sheets,  rods,  tubes,  and  in 
fabricated  parts  no  matter  how  simple  or  how  intricate. 

General  Electric’s  newly  published  price  list  on  Textolite  is  now 
available  on  request.  We  suggest  that  you  write  for  your  copy 
now.  Address  Section  G-10,  Plastics  Department,  General  Electric 
Company,  One  Plastics  Avenue,  Pittsfield,  Massachusetts. 


General  Electric  has  recently  reorganized  its  fabricating 
facilities  to  assure  you  of  quick  and  uninterrupted  service 
on  fabricated  parts.  To  take  advantage  of  this  improved 
service  send  inquiries  and  requests  for  prices  direct  to: 

IN  THE  EAST  — 

Plastics  Department,  General  Electric  Co.,  44  Cambridge  St.,  Meriden,  Conn. 

IN  THE  Vtai  — 

General  Laminated  Products,  Inc.,  3123-13  Carroll  Ave.,  Chicago,  Illinois. 


The  Proiilometer  is  an  inttrument 
used  to  measure  the  degree  of 
smoothness  oi  the  surfaces  oi  vari¬ 
ous  automobile  parts.  The  needle 
point,  similar  to  a  phonograph 
needle,  is  run  over  the  surface  un¬ 
der  inspection.  The  voltage  gen¬ 
erated  in  the  pickup  is  amplified 
and  indicated  on  a  meter  so  that 
variations  oi  one-millionth  oi  an 
inch  are  measurable 


ELECTRIC 


GENERAL 
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To  Kill 


SLOHED  SCREWS  ARE  A  SOURCE  OF  WASTED  TIME  AND  EFFORT 


Why  Fasten  H  the  HARD  Way,  When  it's  QUICKER,  CHEAPER  and  BETTER  to  Fasten  With  PHILLIPS  Screws? 


Quicker  because  Phillips  Re¬ 
cessed  Head  Screws  permit  use 
of  faster  driving  methods.  Even 
when  assembling  easily -dam¬ 
aged,  finished  parts,  power 
drivers  can  be  used  more  often, 
since  there’s  no  danger  of  a 
slipping  driver. 

because  time  is  mon¬ 
ey  and  time-wasting  opera¬ 


tions — like  boring  pilot  holes, 
withdrawing  crooked  or  bro¬ 
ken  screws — are  eliminated. 

Be/Zer  because  assemblies  are 
stronger,  more  attractive. 
Phillips  Screws  set  up  tight 
without  split  heads.  Even  in¬ 
experienced  men  do  better 
with  these  easily-driven  screws. 


HERE'S  IVHY  YOU  SEE  PHILLIPS  SCREWS  EVERYWHERE! 

More  and  more  manufacturers  —  large  and  small  —  are  turning  to  this 
modern  fastening  method,  to  obtain  time  savings  that  average  50%.  Orders 
are  filled  faster,  money  is  saved,  and  the  Phillips-fastened  products  have 
added  sales  appeal.  Order  from  one  of  the  manufacturers  listed  below. 


PHILLIPS 


RECESSED  HEAD  SCREWS 


MACHIN^CtlWS  SHUT  M^L  SCKIWS  WOOO^liWS  *^^1^  BOI-TS 

L.  S.  i'atrntton  Product  and  Methods  Nos.  1.046.343:  1.046.837;  1.046.830;  1.040.840; 
1.082,085;  1.084.078;  1.084.070;  1.000.338,  Other  Domestic  and  Foreign  Patents 
.Allowed  and  Pending. 


AMsrlcan  $ac«  C«..  Uctiutr,  PiwISmim.  R.I. 
CMtliwwtal  Sacw  C«..  Ntw  B•0f•rd.  Miu. 
Cwhla  SCTM  CtrgMatlM,  Nra  ■rlUin.  Cmu. 


TiM  Lmmr  I  ScnlMs  Ca..  ClattalaRa.  OMa 
Matlaaal  Screw  I  Mt|.  Ca..Cla«alaii4.  OMa 
Paikar-Kalaa  Cargaiatiaa,  Naw  Yark,  N.Y. 


Phaall  MaauIxtijriRt  Coaigaay,  Cbicaia.IlllRalt 
Rauall.lardull  t  Ward  lalt  S  Nut  Ca..  Part  Chastar.N.Y. 
ScatrillMamilxturiitf  Ca..Watarbwry,Caaa. 

Shakaarsat  Lack  Washar  Ca  ,  Chicaia,  III. 
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ASKED  FOR  IT 

PRESTO  BUILT  IT 


P  D  C  C  T  n  RECORDING  CORPORATION 

r  n  ESI  V  242  West  55th  Street,  New  York,  N.  Y. 

World’s  Largest  Martufacturers  of  Instantaneous  Sound  Recording  Equipment 


Introduction  to  Clicinical 
Physios 

By  J.  C.  Slater,  McGraiv-Hill  Hook 
Company,  19,t9,  pp.  XIV  and  521.  In¬ 
ternational  Serien  in  Chysics.  Price 
$5.00. 

Chemical  physics,  the  author  writes 
in  the  preface,  is  “an  overlapping  field 
in  which  both  physicists  and  chemists 
should  he  trained.  There  seems  to  be 
no  valid  reason  why  their  training  in 
it  should  differ.  This  book  is  an  at¬ 
tempt  to  incorporate  some  of  the  mate¬ 
rial  of  this  common  field  in  a  unified 
presentation.  ...  It  is  customary  to 
write  books  either  on  thermodynamics 
or  on  statistical  mechanics;  this  one 
combines  both.  It  seems  hardly  neces¬ 
sary  to  apologize  for  this.  Both  have 
their  places  and  both  are  necessary  in 
a  complete  presentation  of  chemical 
physics.”  The  last  sentences  of  the 
book  read,  “To  go  further,  one  mu.st 
make  a  great  deal  more  study  than  we 
have  of  the  principles  of  wave  me¬ 
chanics.  A  well-trained  chemical  physi¬ 
cist  should  be  an  expert  in  the  quan¬ 
tum  theory  and  wave  mechanics,  as 
well  as  in  thermodynamics  and  sta¬ 
tistical  mechanics.  Our  effort  in  this 
book,  however,  has  been  to  show  that 
one  can  really  get  surprisingly  far  and 
understand  nature  surprisingly  well 
with  relatively  elementary  facts  about 
the  fine  structure  of  matter  and  the 
principles  governing  its  behavior.” 

The  author  has  successfully  accom¬ 
plished  his  stated  aims.  Here  is  a  book 
that  will  indeed  surprise  most  serious 
students  by  the  breadth  and  variety  of 
theoretical  science  which  it  unfolds.  It 
is  no  semi-popular  discussion.  Theo¬ 
retical  developments  go  back  to  funda¬ 
mental  postulates,  and  are  carried 
forward  to  a  point  where  deductions 
concerning  advanced  problems  can  be 
made.  That  so  much  ground  can  be 
covered  with  no  more  backg'ound  than 
a  knowledge  of  ordinary  differential 
equations,  elementary  thermodynamics, 
and  the  rudiments  of  quantum  me¬ 
chanics  will  probably  be  a  revelation  to 
most  readers,  and  is  possible  because  of 
strategic  omissions  of  much  non-essen¬ 
tial  intermediate  material.  Steps  which 
might  be  too  complicated  have  been 
bridged  by  paragraphs  of  qualitative 
discussion.  Care  has  been  taken  to 
point  out  specifically  the  points  at  which 
gaps  in  logical  rigor  occur,  however, 
and  while  the  reader  must  frequently 
accept  statements  upon  faith,  he  seldom 
does  so  unconsciously.  Due  to  the  con¬ 
centration  of  much  material  in  a  small 
space  some  of  the  author’s  statements 
may  be  intelligible  only  to  students  who 
already  have  some  familiarity  with  the 
field.  It  is  greatly  to  be  regretted  that 
no  illustrative  problems  have  been  in¬ 
cluded  as  exercises.  It  seems  safe  to 
say,  however,  that  the  student  who 


•  A  short  time  ago,  Columbia  carrying  case  measuring  I  5"  x  1 5” 
Broadcasting  System  engineers  x  19",  weighing  only  46  lbs. 
told  us  they  were  not  satisfied  with  Results  were  amazing.  For  prac- 
the  portable  transcription  players  tical  purposes  the  reproduction 

then  on  the  market.  They  told  us  was  equal  to  high  grade  studio 

what  they  wanted,  a  transcription  equipment.  CBS  immediately 

player  that  would  give  perfect  re-  placed  these  playbacks  in  service, 

production  and  yet  be  small  and  Agency  executives  and  others  who 

light  enough  for  their  personnel  heard  the  new  Presto  playback 

to  handle  conveniently.  ordered  it  for  their  own  use.  Now 

We  developed  a  new  mounting  it’s  been  added  to  the  regular 

which  enables  us  to  use  a  full  size.  Presto  line,  designated  as  the 

magnetic  pickup  that  tracks  per-  Presto  Model  L  Transcription 

fectly  on  a  16"  transcription  and  Playback.  List  price  is  $250.00 

at  the  same  time  keeps  the  size  FOB  New  York.  Limited  quantity 

and  weight  of  the  unit  extremely  ready  for  immediate  delivery, 

low.  This  pickup  was  combined  Place  your  order  today, 

with  a  new  type  of  loudspeaker  _ _ 

with  matching  amplifier  and  a  'I'™  CATAIOG! 

j  I  1  •  1  •  tjives  complete  performance  data  on 

Presto  dual  speed  rim  driven  re-  entire  Presto  line  of  recording 

cording  turntable . . .  mounted  in  a  equipment  and  discs. 

Canadian  Distributor:  Walter  P.  Downs,  2313  St.  Catherine  St.  W.,  Montreal,  P.Q. 
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They  combine  high  intensity 
with  sharp  definition 


GENERAL  CHARACTERISTICS 


SCREEN  CHARACTERISTICS 


Photograph  of  a  high-speed  transient 
taken  with  the  326C  tube.  Funda¬ 
mental  frequency  of  oscillation  is  1 
megacycle,  with  3  megacycle  com¬ 
ponent  showing.  Vertical  line  (right) 
represents  a  spot  speed  of  63  Km /sec. 
on  screen  of  tube. 


325  TYPE 

326  TYPE 

330  TYPE 

325A,  326A,  330A 

325B,  326B,  330B 

325C,  326C,  330C 

Max.  Length  (in.) 

Max.  Screen  Diam.  (in.) 
Heater  Voltage 

Heater  Current 
Accelerating  Voltage 
Deilection  Sensitivity 
with  2000  volts 
Accelerating  Potential 

16^^ 

4% 

5.0  Volts 
0.55-Amps. 
1000-5000  Volts 

130  Volts /inch 

22 

5.0  Volts 

0.55  Amps. 
1000-5000  Volts 

80  Volts  /inch 

23-1/16 

5.0  Volts 

1.65  Amps. 
1000-5000  Volts 

80  Volts /inch 

Green.  Medium  per¬ 
sistence,  for  visual 
observation  and 
photography  with 
green-sensitive  film. 

Blue-green.  Long 
persistence,  for 
observation  and 
photography  of  non¬ 
recurrent  and  low 
frequency  phenomena. 

Blue.  Highly  actinic, 
for  photography  with 
blue-sensitive  film. 
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325  Type 


Photograph  of  three  simultane¬ 
ous  electrical  phenomena  on  a 
330C  screen. 


o2b  iype 


\  .  CATHODE  RAY  TUBES 

Werft  Electric 


If  you  have  time  and  fre¬ 
quency  measurement  prob¬ 
lems,  call  on  Western  Electric 
Cathode  Ray  Tubes  for  help.  They’re 
designed  and  manufactured  to  meet  your 
most  exacting  requirements. 

The  photographs  above  prove  the  ability 
of  these  tubes  to  combine  high  intensity  and 
sharp  definition.  They  also  show  the  possi¬ 


bility  of  photographic  records  of  various 
phenomena. 

For  use  in  studying  two  or  three  simulta¬ 
neous  phenomena,  the  Western  Electric  330 
series  three  trace  tube  permits  on-the-spot 
comparison,  showing  phase  relations  and  rela¬ 
tive  magnitudes. 

Get  the  full  details  from  your  distributor, 
listed  below. 


330  Type 


^ DISTRIBUTORS:  In  U.  S.  A.:  Graybar  Electric  Com- 
pany.  New  York,  N.  Y.  In  Canada  and  ^awfoand- 
Grl^blR  land:  Northorn  Electric  Company,  Limited.  In  other 
.  countries;  International  Standard  Electric  Carp. 


S  E  L  3  kw  FM  tranimitter  at  W9XA0  (WTMJ^  Mi 
waukee.  Wise. — The  Journal  Company— on  the  air  line 
January  1940. 


R  E  L  FM  equipment  at  W3XO — Waihing- 
ton.  D.  C. — Janiky  and  Bailey — in  operation 
since  August  1939. 


FREQUENCY 

MODULATION 


W2XMN — Alpine.  N.  J. — Major  E.  H. 


Armstronf's 

original  40  kw  FM  tranimitter  t'>wer— equipment  by 
R  E  L — in  service  since  April  1938. 


In  collaboration  with  Major  E.  H.  Armstrong,  R  E  L  built  the 
first  FM  transmitters.  As  the  pioneer  manufacturer  of  FM  equip¬ 
ment  (since  1935) — R  E  L  has  built  95%  of  the  FM  stations  now 
on  the  air. 


VlXOJ  (Yankee  Network)  Paxton. 


_  , _  _  _  Mass. — 

ll  .ui'ii;  new  80  kw  power  amplifier  room — 
'•  the  air  since  May  1939  with  8  kw— since 
.ft  r..ar\  1940  with  50  kw — B  E  L  equipped. 


All  R  E  L  FM  transmitters  employ  the  Armstrong  phaseshift 
method  of  modulation  with  crystal  control  of  the  frequency — 
resulting  in  stability  twice  as  great  as  required  by  regulations. 


To  assure  yourself  of  the  best  in  FM  high  fidelity  and  perform¬ 
ance — we  urge  you  to  thoroughly  investigate  R  E  L — the  pioneer 
manufacturer  of  a  complete  range  of  FM  transmission  units 
from  1  kw  to  50  kw. 


XAD  (WHEC)  RochesUr.  N.  Y.— on  the 
February  1949— equipped  with 


I  since  February 
E  L  FM  transmitter. 


R  E  L  is  ready — complete  manufacturing  facili¬ 
ties —  plus  long  engineering  experience  —  en¬ 
ables  us  to  immediately  accept  additional 
orders  for  FM  transmitters — assuring  prompt 
delivery  —  for  fast  installation  and  early 
operation. 


0  R)  Bamberger  Broadcasting 
tWiirk,  N.  J. — Mutual's  key  sta¬ 
tic  air  since  March  1940— with 
transmitter. 


RADIO  ENGINEERING  LABORATORIES,  INC 

35-54  36th  STRUT  ’’’’ r^M^XTr,™^  WNG  ISIAMO  CITY,  M.  Y 


masters  this  book  will  find  himself  in- 
tellijrently  oriented  in  the  advanced 
literature  of  many  fields  of  chemical 
physics.  A  great  value  of  the  book  also 
comes  from  general  comments  by  the 
author,  whose  original  viewpoint  per¬ 
meates  every  chapter. 

The  book  contains  three  sections. 
Part  I,  111  pages,  starts  with  a  discus¬ 
sion  of  thermodynamics  introducing  the 
tables  of  Bridgman,  from  which  all 
thermodynamic  formulas  involving  first 
derivatives,  over  half  a  billion  in  num¬ 
ber,  can  be  systematically  obtained. 
Four  fundamental  properties  chosen 
for  particular  emphasis  are  internal 
energy,  entropy,  Gibbs  free  energy,  an<l 
Helmholtz  free  energy.  The  remainder 
of  the  section  is  devoted  to  statistics, 
starting  from  a  postulated  definition  of 
entropy  and  discussing  Liouville’s  theo¬ 
rem,  pha.se  space  in  both  classical  and 
quantum  theory,  and  deriving  the  par¬ 
tition  function  from  the  canonical  as¬ 
sembly.  A  chapter  on  the  Maxwell- 
Boltzmann  distribution  is  followed  by 
derivations  of  the  Fermi-Dirac  and 
Bose-Einstein  distribution  laws  with 
computations  of  the  alwve  four  funda¬ 
mental  thermodynamic  functions  for  the 
former  case. 

Section  II,  entitled  “Gases,  Liquids, 
and  Solids”  contains  189  pages  in  which 
the  fundamentals  from  the  first  section 
are  used  to  interpret  problems  of  mix¬ 
tures  of  gases,  imperfect  gases,  chemi¬ 
cally  reacting  ga.ses,  equilibrium  be¬ 
tween  solids,  liquids  and  gases,  the 
equation  of  state  of  solids,  the  specific 
heats  of  solids  and  compounds,  the 
liquid  state  and  fusion,  pha.se  equilib¬ 
rium  in  binary  systems,  and  order-dis¬ 
order  transitions.  The  approach  is  the 
same  throughout;  namely,  to  go  as  far 
as  pure  thermodynamics  will  allow  in 
evaluating  the  behavior  of  the  type  of 
matter  under  consideration,  then  to 
carry  the  study  further  by  using  sta¬ 
tistics.  The  role  of  the  latter,  made 
clear  by  repeated  examples,  is  to 
evaluate  constants  in  formulas  for  the 
thermodynamic  functions  already  men¬ 
tioned,  and  to  provide  information  con¬ 
cerning  subjects  upon  which  ther¬ 
modynamics  throws  no  light;  for  ex¬ 
ample,  specific  heats  and  equations  of 
state. 

Part  III  (193  pages)  deals  w’ith 
“Atoms,  Molecules,  and  the  Structure 
of  Matter”.  Three  chapters  on  radia¬ 
tion,  the  ionization  and  excitation  of 
atoms,  and  the  periodic  table  lead  to 
the  subject  of  interatomic  forces.  The 
rest  of  the  section  treats  the  properties 
and  structure  of  ionic  and  molecular 
crystals:  organic  crystals  and  the  sili¬ 
cates  are  the  subjects  of  separate  chap¬ 
ters.  The  book  concludes  with  chapters 
on  thermionic  emission  and  the  elec¬ 
tronic  structure  of  metals.  There  is  a 
bibliography  and  an  index. 

Which  features  of  the  book  will  be 
most  useful  will  depend  upon  the 
reader.  The  discussions  of  classical 
physical  chemistry  are  lucid  and  il¬ 
luminating  while  the  more  advanced 
sections  contain  much  material  which 
has  not  been  readily  accessible  except 
in  more  advanced  books  and  original 
papers.  The  chapters  on  lattice  vibra- 
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The  Only 
TUBULAR  PAPER 
CAPACITOR 

which  is 

fijiliabliL  in, 
£veAif,  ^linuxiiL 


We  planned  it  that  wayl  Life  character¬ 
istics  of  low-cost  tubulars  ore  primarily 
dependent  upon  thoroughness  of  moisture 
exclusion.  SOLAR  Sealdtites  are  molded  in 
hard  wax;  humidity  is  kept  out,  longevity  is 
kept  in.  No  other  tubular  has  this  construc¬ 
tion.  Put  them  on  life  test;  your  results  will 
say  STANDARDIZE  ON  SEALDTITES— 
FOR  SAFETY! 
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ENGINEERING  DATA,  SAMPLES  AND 
HELPFUL  COOPERATION  UPON  REQUEST 


SOLAR  MANUFACTURING  COUP. 
BAYONNE  NEW  JERSEY 
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THE  CASE  OF  THE  ENGINEER  WHO 


"That’s  the  sort  of  ceramic  material  I’d  like  to  use,”  thought  an 
engineer,  wistfully  reading  about  AlSlMag’s  low  dielectric  losses 
over  the  whole  frequency  band,  and  the  excellent  mechanical 
characteristics  .  .  .  the  stability  under  difficult  operating  condi¬ 
tions  of  these  ceramic  materials. 

Unfortunately,  he  stopped  reading  then  and  turned  the  page. 
Because  his  design  specifications  called  for  beauty — even  to  the 
insulating  material.  And  so  he  never  learned  that  engineers  often 
specify  AlSiMag  as  much  for  beauty  as  for  quality.  The  fine 
workmanship  and  good  looks  of  these  ceramic  materials  add  to 
the  appearance  of  the  smartest  designs.  Whatever  your  insula¬ 
tion  problem,  investigate  AlSiMag.  Bulletin  No.  39  on  request. 


Tr*de  Mark  IU«  U.\  Pat.  Of 


AMERICAN  LATA  CORPORATION  •  CHATTANOOGA  •  TENNESSEE 


The  TEST  SIORV  of  AlSiMag  197 


Water  Absorption 

Eitfuded  Material  .10-. 00% 
Prcstcd  Material  .30-  00% 

Heat  Resistant 

(Safe  limit  for  1000’  C. 
constant  temp.) 

Tensile  Strength 

Unglaied  aSOO  lbs. /in.’ 

Closed  7500  Ibs./tn.' 

Compressive  Strength 

Unglaied  7S000  lbs. /in.’ 

Glaied  80000  lbs. /in.’ 


Modulus  of  Rupture 

Unglazed  20000  lbs.  in.’ 

Glazed  23000  lbs. /in.’ 

Dielectric  Strength 

(step  60  cycles.  Test  disc 
'/e"  thick)  ISO  volts  per  Mil 

Volume  of  Resistivity 

(at  various  Tempcroturcs 
220  Volts  AC— 60  cycles) 

75°  F.  above  lO®* 
1600°  F.  .6* 
*mcg-ohms  per 
centimeter  cube 


'  ^  : 


tions  in  soli'ds  at^:particularly  useful 
in  this  respect.  A  wide  diversity  of 
topics  are  treated,  but  in  spite  of  this 
there  is  an  impressive  coherence  to  the 
work  as  a  whole.  One  feels  a  pervadinfr 
unity  resultinjr  from  a  deep  knowledtre 
and  reintenration  of  the  entire  overlap- 
pin};  field  to  which  the  book  is  devoted. 
— David  B.  Langmuir. 

A’C.l  Manufacturing  Coin/iang 


L«‘lirhiieli  der 
Horlifreqiieiiz-Terliilik 

By  F.  Vll.BlG,  Second  Kdition 

{Text  book  of  Radio-frequency  Engi¬ 
neering)  1019  pages — IS59  illustra¬ 
tions.  Published  by  Akademische 
Verlagsgesellshaft  m.b.H.,  Leipzig. 
Price,  ,i.5.80  RM 


PLUG~MN 
High  Fidelity 
Audio  Units 


>(*rintiiiiisverz(M(*liiiis  ziiiii 
l^dirhiiuli  iler 
H<M*lifr<*qii€*iiz-Terliiiik 


By  F.  ViLBIG,  Second  Edition 

{Hibliography  to  the  Text  book  of 
Radio-frequency  Engineering.)  172 
pages.  Published  by  Akadentisehe 
Verlagsgcsellschaft  ni.b.H.,  Leipzig. 
Price,  8  RM 


The  excellent  reception  accorded 
the  first  edition  of  this  book  since  its 
appearance  in  1937  has  prompted  the 
author  to  undertake  this  up-to-date 
second  edition.  In  spite  of  the  tre¬ 
mendous  ijrowth  of  all  jihases  of  radio¬ 
frequency  enirineerin};,  his  objective  re¬ 
mains  the  same — namely,  a  compre¬ 
hensive  treatment  of  this  entire  field. 
The  extensive  revisions  and  additions 
have  expanded  the  book  to  a  point 
where  it  was  deemed  expedient  to  pub¬ 
lish  the  expanded  biblio}rraphy  as  a 
separately  procurable  volume. 

Comprisinfr  27  individual  chapters, 
the  first  six  are  devoted  to  fundamen¬ 
tals,  circuit  analysis,  includinp:  com¬ 
munication  networks,  wave  propaira- 
tion  along:  lines  and  in  free  space,  an¬ 
tennas  and  various  types  of  disturb¬ 
ances.  The  next  twelve  chapters  deal 
with  tubes,  amplifiers,  oscillators,  rec- 
i  tification,  modulation,  frequency  trans- 
:  formation,  etc.,  throuifh  to  complete 
I  transmitting:  and  receiving:  systems. 


'Our  most  copied  line  .  .  .  yet  never 
duplicated. 


MICROPHONE  CABLE  TRANSFORMERS 


The  UTC  cable  transformers  are  designed  to  be  inserted  in  the  cable  circuit,  and  are  rug¬ 
gedly  constructed  to  withstand  mechanical  abuse.  The  cable  connections  (supplied  less 
cable)  are  made  through  the  spring  strain  relief  to  terminal  boards  inside  the  end  caps. 
These  units  may  be  located  any  place  on  the  cable  within  twenty-five  feet  of  the  amplifier. 
IY2"  diameter  .  .  .  2Y2"  long. 


Type  MC-1  primary  tapped  30/50  and  200  250 
ohms,  secondary  to  grid,  standard 

fidelity  . Net  $4.50 

Type  MC-2  primary  tapped  30/50  and  200/250 
ohms,  secondary  to  grid,  high 

fidelity  . Net  $6.00 

Type  MC-3  crystal  microphone  to  50/  200  ohm 
line  . Net  $6.00 


EXPORT  DIVISION;  100  VARICK  STREET  NEW  YORK,  N.  Y.  CABLES;  ”ARLAI' 
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Application  | 

Pri.  Imp. 

Sec.  Imp. 

Mike,  pickup  or  line] 

1 

to  1  grid 

50,200,500 

.50,000 

Mike,  pickup  orKnej 

to  2  grids  1 

50,200,500 

.50.000 

Dynamic  mike  to  1 
g  id  ' 

7.5  '30 

.50,000 

Single  plate  to  1  grid  8,000  to  1.5,000 

60,000 

Single  plate  to  1| 
grid.  D.  C.  in  Pri. '8,000  to  15.000 

60,000 

Single  plate  to  2 
grids 

8,000  to  15,000 

9.5,000 

Single  plate  to  2| 

gridR.D.  C.  in  Pri.  18,000  to  15,000 

95,000 

Single  plate  to  line 

8,000  to  15,000 

.50.  200,  .500  ' 

Single  plate  to  line, 
D.  C.  in  Pri. 

8,000  to  1.5,000 

50.  200.  500  1 

Push  pull  plates  to 
line 

8,000  to  1.5.000 

1 

50.  200.  500 

Crystal  mike  or 
pickup  to  line 

each  side 

i 

.50,000 

1 

50.  200,  500 

Mixing  and  match¬ 
ing 

50.200 

50,  200,  500  ' 

Reactor,  200  Hys. — 
no  D.  C.;  50  Hys. 
—2  MA.  D.  C.. 
6,000  ohms 

50:1  mike  or  line  to 
1  grid 

200 

'  o  megohm 

10:1  single  plate  to  1 
;  grid 

8,000  to  1.5.000 

1  megohm 

At  exin-me  left  is  25  ft. 
(■ollapiuble  Marine  An¬ 
tenna.  At  extreme  ri^ht 
is  a  working  rntxlel  to 
illiisirale  fittings.  Others 
are  f«»r  |K»liee  ear  receiver 
and  transmitter  use,  for 
portable  transmitters 
and  for  passenj'er  ears. 


AERIAL  PERFORMANCE 

Corrosion  resistance  and  high  strength  are  the 
two  most  necessary  qualities  in  modern  tubular 
antennae,  which  must  l>e  built  to  irithstand 
louf'h  conditions  and  give  years  of  unfailing 


l’|>  until  three  years  ago,  no  one  was  making  a 
really  rustless  and  tarnish- proof  antenna  and 
until  recently,  a  marine  aerial  over  ten  feet  long 
was  an  unheard-of  accomplishment.  Superior  Tube, 
in  its  new  BRA^  N*  ''MoneP’  aerials  for  automotive, 
marine,  and  experimental  purposes  has  created  ex¬ 
ceptional  standards  of  corrosion  resistance  and 
strf'iigth,  to  m«*et  the  strictest  requirements  for 
modern  reception  and  transmission. 

SUPERIOR  BRAWN  TUBING  IS  THE  HEART  OF  THESE  NEW  AERIALS 

"B”  .MO.NEL  gives  the  following  physicals: 
TItimate  Strength  — 1 15,000-130,0(10  PSI 
Elongation  in  2"  — 1%  to  H% 

Rockwell  Hardness — B  95-1 10 

"K”  Md.NEL,  with  approximately  25%  higher 
physicals,  is  also  available  hut  in  the  Seamless 
type  only.  Both  "B”  and  "K”  Monel  are  fully 
<‘orrosion  resistant,  and  can  he  produced  by 
Superior  in  large  quantities  to  close  tolerances. 

Superior  intriMliiced  "Monel"  for  aerial  application, 
and  then  developed  the  BRAWN  type  of  tubing.  Now, 
prtMliiction  is  so  large  that  prices  are  within  the 
range  of  quantity  buyers. 

TUBING  PRODUCED  EXCLUSIVELY  BY 


[  the  big  NAME  IN  SMALL  TUBING  ] 

NORRISTOWN.  PENNSYLVANIA 


L  BBflblN 


.4  Superior  Trade¬ 
marked  Product 


1 - ANTENNAE  MANUFACTUREO  AND  DISTRIBUTED  BY - 

PHEMAX  PRODUCTS 

L.  S.  BRACK  AIFG.  CORP. 

Niagara  Falls,  N.  Y. 

Newark,  N.  J. 

in  Alarine  and  Allied  Fields 

in  The  Automotive  F'ield 
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that  converters  are  dismissed  in  a 
few  words,  beam  tubes  are  omitted, 
and  in  the  discussion  of  frequency 
modulation  no  mention  is  made  of  the 
Armstrong  system.  The  treatment  of 
the  ultra  hi^h  frequencies  in  particu¬ 
lar  does  not  receive  the  emphasis  it 
merits.  On  the  other  hand,  the  topics 
subject  to  the  least  amount  of  ‘com¬ 
pression”  are  wave  propajration,  an¬ 
tennas,  transmission  lines,  modulation 
and  channel  utilization.  While  liberal 
use  is  made  of  ennineeririfr  mathe¬ 
matics,  an  excellent  balance  has  been 
maintained  between  theoretical  deriva¬ 
tions  and  the  physical  proces.ses  in¬ 
volved  and  their  application  to  practice. 
The  majority  of  the  1359  illustrations 
are  in  the  form  of  diagrams  and  graphs 
jrivin>r  practical  numerical  data. 

It  is  an  interestin^r  commentary  on 
the  tremendous  trrowth  of  radio  litera¬ 
ture  that  the  lapse  of  two  years  re¬ 
quired  the  expansion  of  the  bibliog¬ 
raphy  from  102  patres  in  the  first  edi¬ 
tion  to  172  in  the  present  edition.  It  is 
conveniently  arran>red  into  chapters 
corresponding;  to  those  of  the  book, 
each  chapter  beinp  further  divided  by 
years  from  1923  through  193S,  with 
only  outstandinj;  papers  previous  to 
1923  beinj;  piven.  In  addition,  several 
pafres  at  the  end  are  devoted  to  an 
excellent  list  of  books,  pamphlets,  and 
other  miscellaneous  publications.  It  is 
indeed  unfortunate  that  the  author 
did  not  see  fit  to  make  the  bibliojjraphy 
more  international  in  .scope.  .Althoujrh 
some  of  the  important  .■\merican  papers 
are  given,  these  comprise  only  a  small 
percentage  of  the  total,  while  British 
references  are  almost  negligible.  For 
example,  in  the  chapter  on  negative 
feed-back,  one  finds  that  several  im¬ 
portant  American  papers,  including 
the  classical  ones,  are  conspicuous  by 
their  absence.  The  bibliography,  as 
an  independent  volume,  suffers  from 
the  scarcity  of  American  and  British 
papers. 

The  textbook  and  its  supplementary 
bibliography  may  be  highly  recom¬ 
mended  as  a  text  and  as  a  valuable 
up-to-date  reference  book  for  the  engi¬ 
neer  and  others. — HAROLD  HEINS. 


ONLY  RELAY  USERS 
NEED  TO  READ  THIS 


Write  today  for  Circular  16S3Q. 

It  describes  two  amazing  new  Automatic 
Electric  relays  with  qualities  and  features 
possessed  by  no  other  low-priced  relay. 

In  three  months,  thousands  have  been  pur¬ 
chased  in  place  of  "cheap”  relays.  (Cost  is 
the  same.)  Experience  of  users  reveals  these 
benefits ; 


1.  Reduced  assembly  costs  (relays  are  preadjusied) 

2.  More  reliable  operation  (contacts  have  heavy 
pressures  —  are  "self-cleaning”)  3.  More  positive 
action  (armature  restored  by  leaf-spring)  4.  No 
over-heating  (coil  is  "self-proteoing”). 


Circular  1653Q  explains  these  and  many 
other  advantages,  and  gives  prices;  also  tells 
why  you  can  buy  this  higher-quality  relay  at 
no  extra  cost.  Write  today. 


Relay  Makers  Since  1898 

1033  W.  Van  Buren  Street  Chicago 


GOAT'S  HISTORY  OF  SIGNIFICANT  EVENTS-No.  9 


The  first  mefal-sfamped  automo¬ 
bile  license  plates  appeared  on 
public  highways  —  meeting  the 
obvious  needs  for  identification 
which  is  now  standard  throughout 
the  world.  The  Fred  Goat  Com¬ 
pany,  now  8  years  old,  was  closely 
identified  with  the  manufacture  of 
precision  machinery  used  in  all 
branches  of  metal  stamping. 


TODAY...  in  1940 


Look  and  LifylPii 


Goat  Radio  Tube  Parts,  Inc.  is  closely 
identified  with  the  most  modern  ad¬ 
vances  in  radio  set  improvement.  Mod¬ 
ern  improved  Goat  Tube  Shields  help 
make  possible  high  fidelity  reception,  by 
providing  maximum  protection  against 
outside  interference,  (2)  simplify  chassis 
design  through  their  space-saving  "form- 
fit"  design,  and  (3)  provide  dependable 
long  lasting  service  because  of  their 
sturdy  construction. 


Feafures 


By  M.  B.  Sleeper, 


1  Variety 

2  K^aximum  Compact¬ 
ness 

3  High  Appearance 
Value 

4  Tested  Performance 

5  Quick  Service 

Send  for 
Bulletins 


The  Sornian  U’.  Henley  lUiblishiny 
Co.,  Sew  York,  I9.i9,  96  {.‘ages, 

Look  and  Listen  is  devottul  largely 
to  detailed  instructions  for  the  con¬ 
struction  and  operation  of  a  television 
receiver  from  the  Andrea  KT-E-5  tele¬ 
vision  receiver  kit.  However,  there  are 
several  chapters  which  give  interesting 
stories  on  the  various  pha.ses  of  tele¬ 
vision.  The  broad  aspects  of  television 
are  covered  in  the  first  chapter  and 
the  second  chapter  is  devoted  to  a 
description  of  the  television  transmit¬ 
ter.  There  is  also  a  chapter  on  tele¬ 
vision  antennas.  Even  though  a  partic¬ 
ular  unit  is  discussed  there  is  much 
valuable  information  given  in  this 
book. — c.  w. 
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R-F  pentode,  semi-remote  cutoff,  heater 
type,  (T-D)  ^rlass  envelope,  seated  height 
23  inches  (max),  8-pin  metal  sleeve 
octal  base. 


Tubes  registered  with  the  R.M.A.  Data 
Bureau  during  the  month  of  April,  1940 
and  during  the  early  part  of  1938 


Type  6AD7  G 

Prototype  6F6  (G) 

Triode  power  amplifier  pentode,  heater 
type,  (ST-14)  glass  envelope,  seated 
height,  4  1/16  inches  (max),  8-pin 
octal  base. 


Tube  Types  Registered  by  R.MJV.  Data 
Bureau  During  April  1940 


Basing 


Type  6AC6  (GT) 

Prototype  BACfi  (G) 


Type  6SR7  (M) 

Prototype  12SR7  (M) 

Double  diode,  triode,  heater  type, 

(T-8)  metal  envelope,  seated  height  pes'TODE 
2  1/16  inches  (max),  8-pin  octal  base. 

Ek  *•  6.3  V 
Ik  =  0.3  amp 
Ek  =  250  V 
E.  =  — 9  V 
Ik  =  9.5  ma 

M  =  16 

r,  =  8500  ohms 
Om  =  1900  Mmhos 
Ci,  =  3.4  nni 

Coui  =  2.8  fifii 
Cff  =  2.0  niA 

Basing  8Q-1-0 


6.3  V 
0.8.5  amp 


Power  amplifier  (triple-twin),  heater 
type,  seated  height  23  inches  (max), 
7-pin  intermediate  bakelite  octal  base. 


2.50  V 
16. .5  V 
34  ma 
6 .5  ma 
80,000  ohms 
2.500  ^mhos 
7000  ohms 
3.2  watts  tS'' 


TRIODE 


Urn  —  3000  /illlhos 
Rt  =  3.5(K)  ohms 
P.=  3  0  watts  .O'  c) 

fsr  .«f,d  1*0  *  18  V 

Basing  7W-O-0 


B.tsing  8.\Y-0-0 


DISCOVERY  OF  MISSING  ELEMENT  REPORTED 


Type  3Q5G 

Prototype  3Q5  (GT) 

Beam  power  amplifier,  mid-tapped  fila¬ 
ment  type,  (T-9)  glass  envelope,  seated 
3  3/32  inches  (max),  small  shell  octal 
7-pin  base. 


Ef  =  2.8  V 
If=  0.05  amp 
Ek  =  90  V 
Ed  =  90  V 
Eel  =“  — 4.5  V 

Om  =  2100  ^mhos 

Tp  =0.1  megohm 
Ri  =  8000  ohms 
Pt  =  0.27  watts 

(7H%) 

Basing  7.\P-0^ 


Type  1LE3  (GL) 

Prototype  1E4  (G) 

Triode,  filament  type,  (T-9)  integral 
glass  envelope-base,  seated  height  2i 
inches  (max),  8-pin  loktal  base. 

Ef  -  1.4  V  -  0 

If  =  0.05  amp 

(Ty 

Ik  =  4.5  ma 

rp  =  19,000  ohms  |  — — — I 

gm  =  760  Mmhos  I  J  A  I 

-  14.5  /\ 

c.n  =  1.7  MMt  /  \  yw 

Cemi  =  3.0  MmI 
Cev  “  1.7  MMf 
Basing,4AA-L-0 


The  atom  smashing  scientists  of  the  University  of  California  have 
announced  the  discovery  of  what  appears  to  be  a  new  chemical  ele¬ 
ment,  the  long  sought  Element  85.  The  new  substance  resulted  from 
the  bombordment  of  ordinary  bismuth  in  the  cyclotron  with  32,000.000 
volt  particles  of  helium.  The  newly  discovered  substance  is  highly 
radioactive,  disintegrates  with  an  emission  of  x-rays  and  helium 
particles,  and  has  an  average  life  of  about  TVs  hours.  Co-developers 
of  the  discovery  are  (left  to  right)  Dr.  Dale  Corson,  Kenneth  R.  Mac- 
Kenzie,  and  Dr.  Emilio  Segre 
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ifOUR  SPECIAL  PROBLEM 


nfoss  high  frequency  insulation? 


INSULATORS  I 


Whether  your  low-loss  insulation  problem  has  to  do  with 
AM,  FM,  or  television  .  .  .  whether  it  is  an  electrical  or 
a  mechanical  problem,  or  both  .  .  .  you  will  find  an 
experienced  engineering  staff  at  General  Ceramics  to 
help  you  solve  it. 

In  the  General  Ceramics  catalog  of  Steatite  and  Ultra- 
Steatite,  you  will  find  a  COMPLETE  line  of  ceramic 
insulators  for  high  frequency  and  ultra-high  frequency 
requirements.  You  will  find  a  large  variety  of  standard 
items,  and  information  about  adequate  facilities  for 
developing  and  manufacturing  special  products  to  exact¬ 
ing  specifications.  You  will  find  a  dependable  source 
of  supply,  backed  by  a  reputation  for  cooperative  service 
and  equipped  for  quick  deliveries. 

Let  us  help  you  to  solve  your  problems  arising  from  the 
present-day  and  future  use  of  higher  and  still  higher 
frequencies. 


BIG  shapes  like  this  9x25-inch  Steatite  coil  form  are 
one  of  our  specialties.  Some  of  the  largest  high  fre¬ 
quency  insulators  ever  manufactured  in  the  United 
States  have  been  produced  by  General  Ceramics 
plants. 


general  ceramics  company,  dept,  e 

RCA  IUILDING,  30  rockefeller  plaza,  new  YORK 
SEE  US  AT  THE  I.  R.  E.  CONVENTION  .  .  .  BOOTH  22 


THIS  CATALOG  NO.  1000  WILL 
BE  SENT  TO  YOU  ON  BEQUEST 


Type  6SE7  (GT) 


R-F  pentode,  sharp  cutoff,  heater  type, 
(T-9)  glass  envelope  seated  height 
2i  inches  (max),  8-pin  octal  base,  metal 
sleeve. 

£»  =  6  V 

7k  ~  0.3  amp 

Et  =  250  V  ^  ^ 

E^t  =  ^ 

Ik  =4.5  ma  [~~T^ 

7.J  =  1.5  ma  Qr 

r,  “  1.1  megohms  ^  1 

Om  “  3400  Mmhos 

Phi  “  5  MmhoS  f  \  S  /tN 

@  -6v  ^ yw 

Cin  =  6.0  fipf 
C..I  =  7.5 

C„  -  0.0035  W  ■ 

(max) 

Basing  8N-1-5 


Type  7N7  (GL) 


Double  triode,  heater  type,  (T-9)  in¬ 
tegral  glass  envelope-base,  seated 
height  2i  inches  (max),  8-pin  loktal 
base. 


Ek  =  7.0  V 
Ik  =  0.64  amp 
Eack  Triode  Section 
Ek  •  250  y 
E,  ~  -8v 
7k  =  9  ma 
Tf  —  7700  ohms 

Pm  =  2600  iimhos 

p  =  20 

C,.  -  3.4  and  2.9 

M/lf 

Cni  =  2.8  and  2.4 
apf 

Ctr  =3.0  and  3.0 
Mpf 

Basing  8AC-L^ 


ISOLATE  URANIUM 
ISOTOPES 


Drs.  K.  H.  Kinqdon  (left)  and  H.  C. 
Pollock  of  the  G.  E.  Research  Lab¬ 
oratory  hove  succeeded  in  isolating 
the  uranium  isotope  known  os  U-235. 
Uranium  tetrachloride  was  heated 
in  the  small  electric  oven  which 
Dr.  Pollock  holds.  As  vapor  was 
formed  it  was  bombarded  by  an 
electron  beam  to  form  the  isotope. 
The  apparatus  was  placed  in  a 
magnetic  field  of  suitable  strength 


Tube  Types  Registered  by  RKJt.  Data 
Bureau  During  the  First  Quarter  of  1938 


WHArm 


Type  50Z6  (G) 


Heavy  duty,  high  vacuum  rectifier,  2 
units,  single  heater,  (ST-14)  glass  en¬ 
velope,  7-pin  octal  base. 


in  /ovfo 


Ek  =50  V 
7k  =  0.3  amp 


li  WAVE  RECTIFIER 
Ef  mt  (rme  per  plate)  = 
2o0  V  (max) 

Ip  dt  (per  plate)  =  125 
ma  (max) 


FULL  WAVE  RECTI¬ 
FIER 

Ep  mt  =  250  V  (max) 
Ip  dt  “  250  ma  (max) 
E  pppk  iptprat  =  look)  V 
(max) 


VOLTAGE  DOUBLER 
Ep  =  125  (max) 

\p  pMk  =  750  ma  (max) 
I^  dc  150  (max) 
Basing  7-Q 


Type  0A4  (G) 


Cold  cathode,  glow  discharge  tube, 
(ST-12)  glass  envelope,  6-pin  base. 


Ik  ptpk  =  100  ma  (max) 
7k  dc  =  25  ma  (max) 
Ep  (rms)  =  105-130  v 
Basing  4-V 


Type  6AC5  (GT) 


High  mu  power  amplifier  triode,  heater 
type,  (T-9)  glass  envelope,  6-pin  octal 
base. 


M  =  125 
Basing  6-Q 


0.3  V 
0.4  amp 
250  V  (max) 
+  13  V 
32  ma 
5  ma 

36700  ohms 
3400  /imhos 


Type  6A8  (GT) 


Pentagrid  converter,  heater  type, 
(T-9)  glass  envelope,  8-pin  octal  base. 


Ek  “  6.3  V 
Ik  =  0.3  amp 
Ek  =  250  V  (max) 
Ert.t  =  100  V  (max) 
Edi  —  250  V  (max) 
through 
20,000  ohms 
Epk  “  —  3.0  V 
7k  =  3.5  ma 
7ei,i  “  2.7  ma 
7cs  -  4.0 
Oc  =  550  Mmhos 
Basing  8-A 


ABOVE  are  three  typical  pages  froff 
the  General  Ceramics  (Catalog 
Steatite  and  Ultra-Steatite  Insulate'' 
.  . .  yours  on  request. 
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tfCC  Opens  Door  To  Fre 
-  Modulation  Radio 

*  Commer 


^HlNQTOy; 

«>*>«  ? 


F.  M.  SERVICING 
PROCEDURE  WILL  BE  DEMONSTRATED 
AT  WESTON’S  BOOTH,  #411, 
CHICAGO  TRADE  SHOW! 


WESTON  Medal  787 
U.H.F.  OKillater 


At  Chicago,  you  can  get  “all  the  answers”  to  F.M.  servicing  by  visiting 
the  Weston  booth.  The  correct  and  simplified  servicing  procedure  will 
be  demonstrated  and  explained  by  Weston  service  engineers.  In  addi¬ 
tion,  you  will  have  the  opportunity  to  witness  a  demonstration  of  the 
Weston  Model  787  U.H.F.  Oscillator . . .  now  widely  used  for  F.M.  and 
Television  servicing  because  it  is  the  only  service  oscillator  with  fre¬ 
quency  coverage  from  22  to  150  me  fundamental  frequencies,  and  which 
reads  40  kc  per  division  at  40  me.  Also  the  Model  776  Oscillator  . .  . 
essential  for  servicing  both  F.M.  and  amplitude  modulation  receivers 
because  it  supplies  an  absolutely  stable  signal  source;  and  has  an  indi¬ 
vidually  hand  calibrated  scale  to  insure  dependable  accuracy  over  its 
entire  frequency  range  from  50  kc  to  33  me  fundamental  frequencies. 
Other  Weston  models,  too,  will  be  shown;  of  the  types  used  in  sound 
laboratories,  broadcast  stations  and  for  all  maintenance  and  servicing 
requirements. 

Be  sure  to  visit  Booth  No.  411  and  witness  these  demonstrations. 
However,  if  you  are  unable  to  attend  the  show,  Weston  will  be  glad  to 
send  you  complete  information  on  correct  and  simplified  F.M.  servicing 
procedure.  Write  to  Weston  Electrical  Instrument  Corporation,  618 
Frelinghuysen  Avenue,  Newark,  New  Jersey. 


WESTON  Modal  776 
dirocNrooding  Oscillator 


WESTON  Modal  772 
Supar-Sansitiva  Analyxar 


laboratory  Standards  .  .  .  Pracision  DC  and 
AC  Portoblas  .  .  .  Instrumant  Transformars 
■  .  .  Sansitiva  Ralays  .  .  .  DC,  AC,  and 
Tharmo  Switchboard  and  Panal  Instrumants. 


Spacializad  Tast  Equipmant ...  Light 
Maosuramant  and  Control  Davicas  .  .  . 
Exposura  Matars...  Aircraft  Instrumants... 
ElactricT  oc  homatars ...  Dial  Tharmo  matars. 


FOR  OVER  S2  YEARS  LEADERS  MN  ELECTRICAL  MEASVRilVG  INSTRUMENTS 
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.  1  nwiht»r  . .  ffpr 

AilvtttUV€*  H€»litf/S 


High  vacuum,  full  wave  rectifier 
heater  type,  (T-9)  irlass  envelope,  G- 
pin  octal  base. 


Ek  =  fi.3  V 
Ik  =  O.ti  amp. 

Ep  pr  (prr  iJntf,  rms)  = 
3'J5  V  (max) 

1  p  dt  —  70  ina  (max) 
Basing  6-S 


Actual  Silt 


An  "homst  to  giHHlness"  Miilget  Relay  HI  I  — 
easily  cajalile  of  ilomg  a  “nian  si/.eil  joli". 

Kntirely  of  ungroiimleil  construction  ainl  tiiuippeil 
with  a  single  mounting  stinl  for  "hainly"  in¬ 
stallation. 


High  mu  triode,  (T-9)  glass  envelope 
5-pin  octal  base. 


A  New  Method 
of  Protecting 
Insulated  Wires 


6  3  V 
0.3  amp 
250  V  (max) 

-2  0  V 

0.9  ma 
66000  ohms 
1500  Minhos 
100 


(’OILS  1.5  to  115V  A( 

resistances  to  1000  ohms. 


Seamless  ALUMINUM,  COP- 
PER  or  BRASS  Tubing  is 
drawn  over  the  wire  or  wires 
in  such  a  manner  that  any 
kind  of  a  bend  can  be  made 
and  the  ends  easily  trimmed. 


CONTACTS  nrST  ami 
hatulle  up  to  200  watt  •■V.C. 


Basing  5-Ai 


Prices  ami  technical  data  on  receipt 
letterhead. 


advance 

ELECTRIC  COMPANY 

1260  W.  2nd  St.,  Lot  Angelet,  Calif. 

Dielay  Manufacturers 


CHECK  THESE  ADVANTAGES 


(1)  The  seamiest  metal  shield  gives 
positive  protection  to  the  wire 
against  Corrosion.  Abrasion, 
Acids.  Oils,  Alkalies,  Solvents 
etc. 

(2)  It  is  compact,  light  in  weight  and 
neat  in  appearance. 

(3)  Tubes  made  in  any  required  wall 
thickness. 

(4)  Outside  diameter  of  the  tube  can 
be  held  to  close  tolerances. 

(5)  Practically  any  number  of  wires 
can  be  shielded  by  this  method. 

(6)  Armor  like  protection  gives  added 
stiffness,  yet  easily  bent. 

(7)  Furnished  in  exact  lengths,  multi¬ 
ple  lengths  or  random  lengths. 

(8)  Hos  sotisfactorily  withstood  the 
severest  kind  of  tests. 


Power  amplifier  pentode,  heater  type, 
(T-9)  glass  envelope,  7-pin  octal  base. 


Ek  =  25  V 
Ik  =  0.3  amp 
Ek  =■  169  V  (max) 

Eri  =  160  V  (max) 

-  -  18v 

Ik  [zero  gi'jnal)  =  33  ma 
Iri  [zero  ris/nal)  =  6  .5 
ma 

Ri  =  .5(X1fl  ohm* 

P.  =  2  2  watts  (10''i) 
Basing  7-!? 


ENGINEERS 


SEND  FOR  FREE  SAMPLES 


We  invite  your  inquiries  and  will 
gladly  forward  an  assortment  of 
samples  for  your  inspection.  .  .  . 

See  whot  a  practical  product  PRE¬ 
CISION'S  Shielding  is.  See  how 
easily  the  leads  can  be  trimmed;  try 
out  its  bending  qualities  and  ease  of 
installation.  — s. 


^  If  your  needs  call  f 

stable  voltage  at  all  times  you  can  depend  on 

SOLA  CONSTANT  VOLTAGE  TRANSFORMERS 

to  deliver  for  you,  even  though  the  inconii  g 
line  voltage  varies  as  much  as  thirty  perci  •  t. 
Practical,  economical,  trouble-free — they  can  f- 
place  noD-regulating  transformers  or  perform  .i» 
auxiliaries  to  equipment  nowr  in  use. 


PRECISION  TUBE  CO. 

Spsciolists  in  accuratsly  drawn  SsamUst 
ALUMINUM.  COPPER  and  BRASS  Tubing,  in 
ths  smaller  sizst. 

200  OSBORN  ST.  PHILADELPHIA.  PA. 
Please  send  samples  of  your 
METAL  SHIELDED  WIRE  to 

Name  . 

Firm  . 

Address  . 


Miss  Vivien  Kellems  (left)  and  Miss 
Edith  Clarke,  two  of  the  three 
women  holding  full  membership  in 
the  A.I.E.E.  recently  met  for  the 
first  time.  Miss  Kellems  is  presi¬ 
dent  of  Kellems  Products  Co.  of 
New  York,  manufacturers  of  cable 
grips  and  Miss  Clarke  specialises 
in  power  transmission  problems  at 
General  Electric 


Write  for  Catalog 

DCV— 22 
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CERAMIC  INSULATORS 

Factory*  Belleville,  N.  J.  •  Sales  Office:  233  Broadway,  New  York,  N.  Y. 


(.Above  RighO  The  50  KW  power  emplifier  at  WIXOJ  is  shown  here  before  installa¬ 
tion  in  a  totally  enclosed  and  shielded  room.  The  two  water-  and  air-cooled  AW-200 
tubes  are  clearly  visible.  Isolantite  insulators  may  be  seen  in  the  background. 

(Above  Left)  Close-up  of  the  power  amplifier  unit  showing  plate  lines  supported 
by  standard  Isolantite  standoff  insulators. 

*Regutered  Trade-name  for  the  products  of  Isolantite,  Inc. 


YOU’LL  PINDilSOLANTITE  INSULATION 


PREFERRED  for  all  types  of  high-frequency  and  ultra 
high-frequency  service,  Isolantite*  is  the  logical  choice 
for  the  insulators  for  Frequency  Modulation  Equipment. 

Typical  of  its  use  in  this  new  and  expanding  field  is  the 
F  M  Transmission  Equipment  at  WlXOJ,  the  Yankee 
Network  Station  at  Paxton,  Mass. 

Designed  and  built  by  Radio  Engineering  Laboratories, 
one  of  the  pioneer  manufacturers  in  the  held,  this  50  KW 
Frequency  Modulation  Equipment  makes  liberal  use  of 
standard  Isolantite  insulators  for  all  points  where  low  dielec¬ 
tric  losses  and  high  mechanical  strength  are  necessary. 

To  assure  peak  performance  in  your  F  M  Equipment, 
see  that  it  is  safeguarded  with  Isolantite  Insulation!  Most 
standard  Isolantite  insulators  are  readily  adaptable  to  F  M 
apparatus.  The  newer  types  of  standoff  insulators  employ¬ 
ing  shielded  tops  which  permit  reduction  in  size  and 
increased  electrical  loading  are  especially  suitable. 
Where  required,  special  designs  will  be  supplied  on  order. 
Our  engineers  will  be  glad  to  work  with  yours  in  planning 
the  most  efficient  insulation  for  your  layout  applications. 


{Left)  The  4)  megacycle,  4*element  turnstile  antenna  at  the  Yankee  Network  F  M 
station,  WlXOJ,  Paxton,  Maas. 


IPMENT,  TOO 


V 


Half-wave  rectifier  and  power  ampli¬ 
fier  pentode,  heater  type,  (T-9)  glass 
envelope,  8-pin  base. 


IS  READY! 


25  V 
0..3  amp 
100  V  (max) 

100  V  (max) 

— 15  V 
20  5  nia 
4  ma 

45(Kt  ohms 
0  77  watts  (9%) 


For  years  Kenyon  Transformer  Company,  Ine.,  has  been 
solving  the  transformer  problems  of  American  Industrv. 
Modern  engineering  skill;  uniisiial  research  facilities,  a  long 
and  varied  experience  in  the  manufacturing  of  transformers 
exclusively — all  have  contributed  to  place  KENYON  fore¬ 
most  in  the  minds  of  engineers  when  transformer  problems 
do  arise. 

^  e  are  ready  to  help  solve  your  problems  just  as  we  have 
those  of  many  of  America's  outstanding  comjtanies— a  list 
which  is  growing  more  impressive  year  by  year. 


Bixiiiie  H-F 


Beam  power  amplifier,  heater  type,  7 
pin  octal  base. 

/»  •>  0.3  amp  »  ff) 

E*  ”  iio'^ 

/» (zero  signal)  —  49  ma  [rrTr^M  | 

7,1  (zero  aicnal)  =  4  ma  I  I 

Ri  —  2000  otima  ,-1  ’  yy  'I  I 

P.  =  2  2  wattx  (10%) 

BaainK  7-.\C 


FREE  CATALOG 


Now  ready.  The  finest  we  have  ever  produced.  Includes  Laboratory 
Standard.  Broadcast,  Industrial  and  Plug-in  Transformers.  Band  Pass 
Filters,  many  valuable  graphs,  charts,  etc. 


High  vacuum  rectifier,  voltage  doubler, 
heater  type,  (T-9)  glass  envelope,  7- 
pin  base. 

A\  —  25  V  s 

/»  0.3  amp 

E»  ,,  (rm-r.  per  plate)  —  yT 

235  V  (max)  I 

let  (per  plate)  ••  75  ina  HJsS  .  \ 

(max)  #  1 

Petih  inrerse  roltaoe  ••  I  If  |  | 

700  V  (max)  A  ]  I 

Basing  7-Q 


840  lARRY  STREET 


Duo-diode,  heater  type,  (T-9)  glass  en' 
velope,  7-pin  octal  base. 

Ek  "  6.3  V  /-N 

Ik  “  0.3  amp  ( ** 

(rms)  —  100  V 

Ik  i,  “4  ma  (max)  I  \ 

Baaing  7-Q  \ 


Hm  titHisoibden  thw  actfnrtw^  mv* 

«r4  of  1  "w.  !■  400  ohms.  17,000  eydo*.  .  „  , 

MmS:  M«,  T,|»  30  —d-  * 

tTSTJM"  *  **”  .  *00.T|OM^ 

POWER  RANGE;  Callbrat*d  ^f^S^*****^  ^ 

from-Ufo+OSdb.  ^  Aft 

tyk  4C  transmission  measuring  set . .  9323.011 

j  WrH«  for  rnddHio*^  HckttceH  I«f 


Triode  amplifier,  heater  type,  (T-9) 
glass  envelope,  6-pin  octal  base. 

Ek  -  0.3  V  ^ 

Ik  “  0.3  amp  II II  1^' 

E»  —  250  V  (max) 

/t  »  9  ma  \ 

r,  “  7700  ohms  ^7  J  I 

Qm  ”  2600  Mmhoa 

Baaing  6-Q  ('aV - '  '"A — TTt) 


THE  DAVEN  COMPANY 


NEWARK,  NEW  JERSEY 


158  SUMMIT  STREET 


Th*  Typa  4C  wa*  davalopad  In  co-ordination  with  tha  anqinaaring  dapartmant 
of  tha  Columbia  Broadcasting  Systam 
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cuo®  sw'TCHes 

fc  STACICPot  j 


TYPE  SS-T 

— a  fhr««  position  slid#  switch  which  may  ba  usad 
as  a  thraa  position  tona  twitch,  two  spaad  small 
motor  switch  with  off  position  or  as  a  bright — dim — 
off  light  switch. 


TYPE  SS-6 

— a  TPDT  slide  switch  for  use  as  a  change-over  switch 
on  portable  battery-110  volt  sets.  Normal  installa¬ 
tion  provides  for  operation  of  f’is  twitch  by  insertion 
of  an  AC  plug  in  rear  or  side  of  set.  Switch  Is 
returned  to  n  rmal  pc  i  ion  by  a  spring  when  AC 
plug  it  withdrawn. 


TYPE  SS-3 

— a  double  pole  throw  switch  with  Underwriters' 
Approval  which  suggests  itself  for  the  following 
uses-  Change-over  twitch  for  110  volt  battery  sets; 
Band  change  twitch;  Phono-radio  twitch,  and  many 
other  uses.  Supplied  alto  at  SS-4— a  double  pole 
tingle  throw  type. 


TYPE  SS-1 

—a  tingle  pole  throw  switch  with  Underwriters' 
Approval  for  .75  amp.  125  volts.  Alto  supplied 
as  Type  SS-2  with  three  terminals  and  double 
throw  for;  Two-position  tone  control;  Sensitivity 
control;  Change-over  switch  for  AC-OC  sets;  Line 
switch  for  small  sets;  Small  motor  control;  Tap 
switch  for  power  transformers;  etc. 


Illustrations  are  actual  size 


fixed  resistors  STACKPOLE  CARBON  COMPANY  voiume  controis 


If  you  are  responsible  for  designs  In 
which  low  cost  and  space  saving  are 
Important  factors  Stackpole's  com¬ 
plete  line  of  Slide  Switches  will  ex¬ 
actly  fit  Into  your  plans.  Four  types 
are  Illustrated  here  which  have  a  wide 
variety  of  applications  for  handling 
small  power  circuits  .  .  .  Catalog 
RC4  gives  complete  details  and  dia¬ 
grams. 

WRITE  FOR  SAMPLES  AND  PRICES 


SWITCHES 


ST.  MARYS,  PENNA.,  U.S.A. 

These  products  are  sold  only  to  manufacturers  of  original  equipment. 


TONE  CONTROIS 
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JAMES  G.  BIDDLE  CO. 

[  L  fC  T  RIC  A  L  AND 
SCIlNllflC  I  N  ST  RU  Mt  NT  S 
1911-13  ARCH  ST  PHILADELPHIA  PA 


ELECTRIC  CO.inC 

241  Lafayette  Street 
lleui  Vark,  n.  V. 


made  only  by 
WILBUR  B.  DRIVER  CO. 

NEWARK,  NEW  JERSEY 


TripI£-grid  detector  amplifier,  heater 
type,  (T-9)  glass  envelope,  7-pin  octal 
base. 


=  0  3  V 
Ik  =  0.3  amp 
Kp  =  250  V 
Kri  =  100  V 

Kr  =  —30  V 

I  b  =  2.0  ma 
Ir-i  =  0..'>  ma 
r,  =  1 .5  m(‘ir<>)imi> 
.V«  =  122">  Minlios 
Hasiiig  T-R 


Precise  chemical  analysis  of  Magnetic 
Material. 

Precise  heat  treatment  for  Magnetic 
Properties. 

Precise  Coil  Winding,  Coil  treatment  and 
assembly. 

Precise  Test  and  Inspection. 


THE  25  RELAY 


High  mu  triode,  heater  type,  (T-9) 
glass  envelope,  7-pin  octal  base. 


0  3  V 
0.3  amp 

2.50  V 
—3  V 
11  ma 
.5').000  ohms 
1400  Mmh(>8 


Direct  Pointer  Readinqs 
Down  To  .000001  OHM 

For  rapid  measuraments  of  armature,  field  and 
transformer  colls,  soldered  joi.nts,  fuses,  switch 
and  relay  contacts,  and  other  low  resistances. 
Operates  from  >  battery.  Requires  no  adjustment 
for  battery  voltage.  Simply  apply  a  pair  of  hand 
spikes  and  read  the  scale. 

WRITE  FOR  BULLETIN  1435-E 


H.anin"  .VI 


ttThis  Kurman  unit  requires  one  half  the 
power  of  any  similar  relay  and  weighs 
only  4  ounces.  Ceramic  Alsimag  non- 
hygroscopic  insulation,  quarter  inch 
diameter  coin  silver  contacts,  self  clean¬ 
ing  wipe,  cantilever  spring  action  with 
less  than  25%  of  allowable  stress  on  the 
spring  arms.  Entirely  new  type  of 
laminated  magnetic  structure.  Low  power 
consumption  of  1.5  watts;  high  power 
output  of  2,000  watts. 


Power  amplifier  pentode,  heater  type, 
(T-9)  glass  envelope,  7-pin  octal  base. 


(•>.3  V 
0.4  amp 

2.50  y  (max) 

2.50  V  (max) 

—  18  V 
32  ma 
5. .5  ma 
(>8000  ohma 
7000  (>hma 
3.4  ssatt*  ( lO'  J ) 


Itaaim;  7-S 


Triple-grid  super  control  amplifier, 
remote  cutoff,  heater  type,  7-pin  octal 
base. 


6.3  V 
0.3  amp 
250  V  (max) 

100  V 

3.0  V 
7.0  ma 
1.7  ma 
0.8  meRohm 

14.50  /inihos 


Basing  7-R 


•  Single  pole,  double  throw,  C  type 
coin  silver  contacts;  rated  to  carry  2 
amperes  at  110  volts.  Precision  adjust¬ 
ment.  Coil  will  carry  3  watts  without 
overheating.  From  2  to  50  milliwatts  in¬ 
put,  and  loads  as  high  as  1,000  watts. 
Cut  production  as  well  as  eiiperimental  costs 
by  specifying  Kurman  relays  for  the  next  job. 
Wri'e  today  for  descriptive  literature;  no 
obligation. 


Duo-diode,  high  mu  triode,  heater  type, 
(T-9)  glass  envelope,  7-pin  octal  base. 


Ek  =  6.3  V 
Ik  =  0.3  amp 
Eb  —  2.50  V  (max) 
Ep  =  —3  V 
Ib  =  1.1  ma 
rp  =  .58'X))  ohms 
ym  =  1200  ^mhos 
M  =  7() 

Basing  7-V 
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HE  RA*281  is  an  adaptable  instru¬ 
ment  which  meets  the  varied  re* 
quirements  of  almost  any  noise  or 
vibration  testing  problem.  It  serves  as 
either  a  standard  high-precision  sound 
level  meter  or  sound  frequency  analy¬ 
zer;  it  is  used  with  either  the  high  stable 
Western  Electric  moving  coil  micro¬ 
phone  or  a  new  moving  eoil  vibration 
pickup;  it  delivers  the  data  on  a  large, 
readable  indicating  meter  or  an  auto¬ 
matically  recorded  graphic  record. 


Calibration  to  Bell  Telephone  Labora¬ 
tories  standards  assures  precision. 

The  RA-281  is  used  by  an  impressive 
list  of  prominent  industrial  firms  and 
government  departments. 

Write  our  Engineering  Laboratories. 

Electrical  Research  Products  Inc. 

A  SUtSIOIAtY  OF 

Western  Electric 

195  BROADWAY,  NEW  YORK,  N.  Y. 

EnginMring  Laboratoriait  76  Varick  Straat,  Naw  York 


Recent 

Books 

Electrolytic  Condensers 

By  Phiup  R.  Coursey,  Technical  Di¬ 
rector,  Dubilier  Condenser  Co.,  Lon¬ 
don.  John  F.  Rider,  Publisher,  New 
York,  19S8,  172  pages. 

Although  the  principles  of  the  elec¬ 
trolytic  condenser  have  been  known  for 
many  years,  it  has  been  only  in  recent 
years  that  it  has  been  extensively  used 
in  commercial  applications.  The  author 
gives  considerable  space  to  a  descrip¬ 
tion  of  the  nature  and  characteristics 
of  electrolytic  condensers  and  presents 
the  results  in  a  number  of  curves  and 
diagrams.  The  other  portion  of  the 
book  is  given  over  to  a  discussion  of 
the  practical  types  of  condensers. 

The  various  types  of  electrolytic  con¬ 
densers  such  as  the  wet,  the  semi-dry 
and  the  dry  condensers  are  described 
in  considerable  detail.  A  chapter  is 
devoted  to  the  separator  and  its  in¬ 
fluence  on  the  operation  of  the  con¬ 
denser.  The  concluding  chapter  of  the 
book  describes  some  of  the  applications 
of  these  condensers  to  radio  and  to  sev¬ 
eral  industrial  uses.  The  book  will 
undoubtedly  be  of  value  to  the  engineer 
who  makes  any  considerable  use  of 
electrolytic  condensers  or  who  is  en¬ 
gaged  in  their  manufacture. — c.w. 


.  ../or  QUICK  SERVICE 


SPRINGS 


■ 

Ik  \ 


“OSTON-m 

Phong;  ***'"onI  u 

NEW  003I.W  • 


p.  Up,, 

Auburn, 

Phong;  Auburn  32 

ch»cago_«  N  ^ 

N.  Ogdpp  ^ 

R'chmond  -is,*)***  ''"A./gi 


All  Typ 

All  Sizes  —  All  Materials 

HUNTER  PRESSED  STEEL  CO 


lansdale 

PENNSYLVANIA 


•  • 


BANK  VAULT  ALARM 


The  two  amall  boxes  on  either  side 
oi  the  light  box  contain  crystal 
microphones  which  ore  cormected 
to  an  amplifier  to  give  on  alarm 
at  any  unusual  loud  sound  within 
the  vault.  Raising  the  voice  or 
clapping  the  hands  are  enough  to 
set  off  the  alarm.  If  burglars  at¬ 
tempt  to  drill  their  way  into  the 
vault  the  noise  oi  the  torch  or  drill 
will  cause  an  alarm 
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Techniques  of  Recording 

By  F.  H.  Goldsmith  and  V.  G.  Geisel. 
Gamble  Hinged  Music  Co.,  Chicago, 
19S9,  IfS  pages. 

This  book  is  said  by  the  authors  to  be 
a  practical  handbook  on  recording.  It 
was  written  for  the  beginner  in  record¬ 
ing  and  for  such  a  person  it  provides  a 
good  introduction  into  this  fascinating 
and  rapidly  growing  branch  of  the 
art.  The  authors  stick  to  fundamentals 
throughout  the  book  without  becoming 
involved  too  much  in  details  which 
might  confuse  the  reader.  Recording 
heads  and  styli,  turntables,  reproducing 
needles,  record  characteristics,  and  re¬ 
cording  practice  are  discussed  suffi¬ 
ciently  to  enable  the  newcomer  to  the 
field  to  start  work  with  a  moderate 
knowledge  of  the  technique  involved. 
The  point  is  raised  that  while  quality 
recordings  should  be  a  goal  to  be 
realized,  quite  acceptable  results  may 
be  obtained  by  the  u.se  of  moderately 
priced  equipment.  The  lH)ok  is  amply 
illustrated  and  contains  a  number  of 
microphotographs  of  recording  styli, 
reproducing  needles,  and  properly  and 
improperly  cut  record  grooves. 

The  authors  suggest  many  uses  for 
private  recording.  Stage  and  radio 
artists  may  improve  their  technique, 
speakers  may  improve  their  diction  and 
recording  may  be  used  as  a  most  effec¬ 
tive  aid  in  speech  correction. — c.w. 


MACHINE  MEASURES  NERV- 
OUSNESS  AND  TENSION 


Dr.  Edmund  Jacobson  of  tho  Lab¬ 
oratory  for  Clinical  Phyaiolo9y  in 
Chicago  with  his  intogroting  nooro- 
voltmotor  which  moaturot  norvous- 
nou  and  tonaion  in  individuala.  It 
makaa  uao  of  tho  minulo  oloctrical 
impulaoa  produced  by  tho  musclo 
ond  norroa.  Tho  instrument  shown 
avoragos  tho  voltage  variations, 
making  it  possible  to  obtain  a 
steady  reading  which  indicates  the 
overall  effect  of  the  voltage  varia¬ 
tions. 


CONVINCING  PROOF! 

Permo  Point  Cutting  Stylus 
Assures  Better  Results! 


FIRST  HUIOim  TflEVISION.  INC  •  fIDElITT  BUIIDINC  •  KANSAS  CITT.  MISSOURI 


May  24,  1940 


Permo  Products  Corporation, 

6415  Ravensvood  Ave., 

Chicago,  Ill. 

Attention  Mr.  Fred  E.  Williamson. 

Gentlemen; 

Tie  feel  that  you  may  be  Interested  In  knowing  of 
our  success  with  the  Permo  Point  recording  cutters.  Tho  re¬ 
sults  of  coc5)aratlve  tests  made  In  our  well  equipped  rocordinn 
laboratory  may  also  be  of  Interest. 

In  order  to  consistently  turn  out  disc  recordings 
of  wide  frequency  range,  and  with  quiet  grooved,  It  is  obvious 
that  every  piece  of  equipment  used  must  be  of  good  quality 
and  properly  matched.  The  recording  stylus  must  have  an  even 
response  over  a  wide  range  or  even  modern  booster  type 
equalizers  will  be  of  little  help,  it  Is  equally  Inijiortant  that 
the  cutting  edges  be  very  sharp  and  of  such  hard  material  that 
they  will  cut  silently  over  a  long  period.  ^ 

Our  tests  show  that  the  Permo  Point  recording  stylus 
Is  efficient  over  a  wide  frequency,  especially  In  the  high  ' 

range  where  moat  cutters  fall  off  In  efficiency.  These  Permo 
point  cutters  consistently  meke  grooves  which  are  Just  as 
quiet  as  those  made  with  our  sapphires.  Con^jetltlve  tests,  which 
we  have  run  on  various  typos  of  steel  and  alloy  cutters,  show 
the  Permo  Point  to  have  a  much  longer,  quieter  cutting  life 
than  any  we  have  used  of  these  other  materials. 

We  do  not  hesitate  to  recommend  the  Permo  Point 
Recording  Stylus  to  engineers  seeking  to  Improve  their 
recordings  In  frequency  range  and  In  tho  lowering  of  surface 
noise. 


Vorv  truly  yours, 

Recording  Engineer 


Send  for  your  copy  of  Permo  Pointers  -  a  FREE  booklet  that 
shows  you  how  to  improve  your  recordings! 

PERMO  PRODUCTS  CORP. 

Manufacturing  Metallurgists 
6415  RAVENSWOOD  AVENUE-CHICAGO,  ILLINOIS 
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Did  you  say  you’re  busy, 

Mr.  Engineer? 

Most  of  us  radio  engineers  are  busy  these  days  with  our  own 
immediate  problems.  Yet,  all  around  us,  technical  and  commer¬ 
cial  developments  are  breaking  faster  than  at  any  time  in 
20  years. 

How  is  one  to  keep  up  with  his  own  specialty  and  in  touch 
with  the  rest  of  the  field?  It's  a  difficult  job,  but  it  must  be  done 
if  one  is  to  maintain  his  usefulness  to  his  employer  and  himself. 

The  I.R.E.  Convention  offers  you  a  practical  means  of  keep¬ 
ing  up  to  dote.  There  will  be  more  than  40  technical  papers  to 
hear  and  discuss.  Many  of  them  are  controversial;  all  of  them 
deal  with  today's  pressing  engineering  problems.  In  the  show, 
the  leading  manufacturers  of  equipment,  components,  and  ma¬ 
terials,  will  exhibit  their  new  products.  Besides,  there  will  be 
plenty  of  opportunity  for  informal,  broadening  discussion  with 
other  engineers. 

You  can  do  all  of  these  things  in  one  3-day  meeting.  (You'll 
probably  be  away  from  the  office  only  2  days). 

If  you  are  engaged  in  engineering  or  scientific  work  in  any 
branch  of  radio  or  allied  fields,  you  are  cordially  invited  to 
attend  the  convention.  There  will  be  no  registration  fee  or  other 
charge. 


for  additional  information  obowf  tho 
program  or  oxhibition  space  in  tho 
Radio  engineering  Show  address 


FIFTEENTH 

ANNUAL 

CONVENTION 


RAOlO  ENGINEERING 
SHOW 


BOSTON-JUNE  27-29.1940 


iStU  Ah4UuU  Qo4UAeHii04€ 

and 

Radia  SUaw^ 


Jtotel  Staile/i 

BOSTON 


gune,  27-29 

( Thursday— Saturday ) 


At  the  Technical  Sessions... 

^  Frequency  Modulation 

►  Television 

►  Power  Tubes 

►  Aviation  Radio 

►  U-H  F 

See  the  complete  program  in 
this  issue  of  Electronics 

All  3  Days... 

the  Radio  Engineering  Show 

All  engineers  are  cordially  invited 


INSTITUTE  OF  RADIO  ENGINEERS 

330  West  42nd  Street  •  New  York,  N.  Y. 
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■  CLARE 
RELAYS 


BRAND 

RCQ.  U.  S.  RAT.  OFF 

RADIO  RESISTORS 


{Co7itimied  from  page  15) 


passes  through  the  pass  band,  and  | 
maximum  output  will  be  obtained.  I 
If  a  faster  sweep  rate  is  chosen,  the 
output  will  go  down,  since  fewer  r-f 
cycles  will  occur.  Furthermore,  the  ; 
higher  the  Q  of  the  transformer,  the 
slower  the  sweep  rate  required  for 
full  output.  However,  in  all  practical  | 
cases,  unless  a  very  large  band  is  to 
be  covered,  full  output  can  be  ob-  i 
tained  with  practical  sweep  rates. 

The  transient  nature  of  the  recep¬ 
tion  of  each  signal  has  its  effect  also 
on  the  audio-frequency  requirements 
to  be  met  in  the  receiver.  Thus  if 
the  intermediate  frequency  is  455  kc, 

I  and  40  cycles  of  this  frequency  must 
,  occur  in  the  resonant  circuits  while 
the  signal  is  present,  the  time  avail¬ 
able  is  40  455,000,  or  1/11,000  sec- 
I  ond.  The  audio  amplifier  must  ac¬ 
cordingly  have  a  frequency  respon.se 
extending  as  high  as  11,000  cps.  In 
I  general  using  practical  values  of  in-  j 
!  termediate  frequencies,  the  audio  i 
response  can  be  made  to  fall  within 
the  15,000  cps  mark  which  is  not 
difficult  to  attain,  even  in  existing  | 
j  audio  amplifiers.  i 

i  The  early  receivers  of  the  panor-  j 
i  amic  type,  such  as  that  previously  ; 
described  in  Electroiiics,  employed  a 
motor-driven  tuning  capacitor  to 
sweep  through  the  band.  The  dis- 
,  advantages  of  this  method  are  the 
I  possibility  of  contact  noise  at  the 
brushes  of  the  rotating  capacitor, 
and  the  restricted  rate  at  which  the  , 
'  sweep  can  be  made  to  repeat  itself. 
Unless  involved  high  speed  mechan¬ 
isms  are  employed,  a  sweep  rate  of 
about  30  per  second  is  the  maximum, 
and  furthermore  the  rate  cannot  be 
:  readily  adjusted.  The  more  up-to- 
date  electronic  sweep  circuit  is  em¬ 
ployed  in  the  modern  form  of  panor- 
'  amic  receiver  shown  in  the  accom- 
.  j  panying  illustration.  The  electronic 
I  sweep  employs  a  reactance  tube 
.  I  across  the  tuned  circuit  of  the  o.scil- 
"  I  lator  (no  periodic  tuning  is  per- 
I  formed  in  the  antenna  circuit  which 
i  is  broad  enough  to  accept  the  band). 

I  The  reactance  tube  operates  under 
the  control  of  a  multivibrator  and 
1  amplifier,  designed  to  deliver  a  saw- 


individualized  to  meet  your 
specific  instrument  design 
specifications. 

Clare  Relays  are  available 
in  innumerable  coil,  contact, 
adjustment  and  timing  com¬ 
binations —  accurately  made 
of  quality  material. 

Clare  engineers  welcome  an 
opportunity  to  assist  you  in 
your  problems.  Personal  at¬ 
tention  will  be  given  your 
inquiry. 


#Globar  Brand  Radio  Resistors,  built  to 
specifications  tabulated  below  will  reduce 
your  production  costs,  improve  the  quality 
of  your  receivers,  help  take  the  headaches 
out  of  your  service  department  and 
strengthen  your  reputation  for  quality  mer¬ 
chandise. 

A  resistor  is  essentially  an  energy  dissipator 
and  as  such  it  should  be  rugged  and  since 
the  demands  of  radio  circuits  are  quantita¬ 
tively  exacting,  a  radio  resistor  should  be 
chemically  and  mechanically  stable  so  that 
it  will  retain  indefinitely  its  established 
resistance  value  under  normal  loading. 

A  good  radio  resistor  should  withstand, 
without  suffering  a  permanent  change  in 
resistance,  the  maximum  accidental  over¬ 
voltage  to  which  it  might  be  subjected  in 
the  set.  Moreover,  it  should  be  free-  from 
microphonic  effects,  inductance  and  capac¬ 
ity.  It  should  have  a  comparatively  straight 
line  temperature  and  voltage  characteristic 
and  it  should  not  be  affected  by  humid 
atmospheres. 

G lobar  Brand  Resistors  are  built  to 
meet  these  requirements. 

This  company  was  one  of  the  first  manu¬ 
facturers  of  radio  resistors  and  today  Globar 
Brand  Resistors,  steadfast  against  abuse, 
are  serving  as  precision  weirs  in  the  electron 
arteries  and  capillaries  of  radio  circuits 
throughout  the  world.  A  trial  in  your  cir¬ 
cuits  will  verify  these  claims. 


CHICAGO 


LAWRENCE  A  LAMON  AVES.  ■  .  ■  ■ 

IS  Eait  26th  St..  Nrw  York  City 


TRANSFORMERS 


Luminou*  Tub*  tTAns- 
iormara  ar*  only  on* 
of  many  claaaoa  of 
tianafoimoia  that 
Acm*  builda.  Bocaua* 
of  Taiiancoa  in  inatal. 
lation  and  application, 
thia  typ*  of  tianafono- 
*t  muat  b*  built  to 
ondui*  much  abua*. 


The  Acme  Voltrol,  (panel 
mounting  type  illustrated) 
provides  manual  voltage 
control  from  0  to  135 
volts  stepless  regulation. 
A  necessary  instrument 
for  every  electrical  testing 
laboratory. 


PHYSICAL  AND  ELEaRICAL  SPECIFICATIONS 
OF  GLOBAR  BRAND  RESISTORS 


Aii-Cool*d  tranaformoia 
up  to  25  K-V.A  Acm*'* 
production  facilitios, 
daaign  and  *ngin**ring 
aoivic*  by  tranafoimoi 
apocialiata,  at*  your  aaaui- 
anc*  of  b*tt*r  tranaformor* 
for  your  apacial  applica¬ 
tion*.  Sand  apacifications 
of  your  raquiramanta. 


STANOA«D  MSISTANCE  (Tal«-anc«  57,— I0'~r— 30- ) 

All  KSISTOtS  COlO*  COOED  Acconlng  »  I.M.*.  Snmtonli. 


OtOEl  tv  tAIT  NUMKI.  MSISTANCE  VALUE  AhiO  TOlEtANCE 


THE  ACME  ELECTRIC  &  MFC.  CO. 

31  WATER  ST.  CUBA,  N.  Y. 


THE  CARBORUNDUM  COMPANY 


Iteo.  U.  S.FAT.  OFF. 

Niagara  Falls,  N.  Y. 

'Carborundum  and  Globar  are  registered  trade-marks  of 
,  and  indicate  manufacture  by  The  Carborundum  Company , 
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Is 

WATT 
■  ATfMa 

SANai 

ilMaTM 

aiAMITfS 

763-A 

1/3 

1  OHM  TO 

IS  MEGOHMS 

1/2" 

18"  ’ 

759  A 

1/2 

1  OHM  TO 

IS  MEGOHMS 

5/8" 

3/16"  - 

766-A 

1 

1  OHM  TO 

IS  MEGOHMS 

1" 

3/16" 

792-A 

3 

10  OHMS  TO 
ISO.OOO  OHMS 

1-3/4" 

3/8" 

774-A 

5 

10  OHMS  TO 
2S0,000  OHMS 

21/2- 

3,8"  ! 

4 


•  TELEX 


•  Audio  Frequency 

•  Standard  Signal 

•  GENERATOR 


The  telex  Audio  Froquoncy  Stand¬ 
ard  Signal  Gonarator,  Modal  CR-6A, 
■uppliat  a  raliabla  signal  oi  known 
potantial  and  iraguancy  oaar  tha  wida 
rangas  oi  irom  10  micro  toHb  to  100 
Tolts  anywhera  in  tha  ranga  oi  10  to 
SO  kilocyclat  par  sacond. 

OVER  aight  yaars  oi  axparianca  and 
two  yaars  oi  rasaarch  and  dasign 
contributad  to  maka  this  TELEX  instru- 
mant  arailabla  at  such  an  unusually 
low  price. 

TELEX  also  oiiars: 

Baal  Fraguancy  Audio  Oscillators 
(High  and  Low  Range) 

Cathode  Bay  Oscillographs,  and 
Vacuum  Tube  Voltmeters 

For  iurther  iniormation,  please  writa: 

TELEX  PRODUCTSCO. 

Migrs.  of  Precision  Electronic 
Equipment 

MINNEAPOLIS  MINNESOTA 

3M0T0R  GENERATOR^ 
CONTACTORS 


for  Police  and  Yacht  use 


Tyse  S030.  List  Pries  $9.00 


Where  space  is  limited  and  high  carry¬ 
ing  capacity  is  important — police  and 
marina  rodio  installations — this  Solenoid 
Contactor  is  inraluabla.  Sturdily  built, 
simple  construction.  Strong  compression 
springs  make  firm  contact  and  prevent 
sticking.  Supplied  in  6,  12,  24,  32  Volts 
DC.  For  continuous  or  intermittent  sarvica 
os  required.  Writa  ior  complete  inior¬ 
mation. 

LEACH  RELAY  CO. 

S9IS  Avalon  Boulevard.  LOS  ANGELES.  CALIF. 
IS  E.  26th  St..  NEW  YORK  CITY 
Latvroneo  and  Lamon  Avss..  CHICAGO 


a.s  a  function  of  its  distance  in  miles,  i 
from  a  geojfraphically  fixed  point  of  ; 
origin.  The  screen  of  the  panoramic  ! 
receiver  can,  therefore,  be  actually  | 
calibrated  in  miles,  instead  of  fre¬ 
quency.  A  topographic  scale  cover-  I 
in>r  this  screen,  and  indicating  the  j 
mileage  of  each  beacon,  is  aligned  ! 
with  the  screen,  so  that  each  signal 
appears  over  the  name  of  its  loca-  i 
tion.  One  band  of  frequencies  can 
be  used  to  cover  about  250  to  300  I 
miles,  a  safe  “non-repeating”  dis¬ 
tance  for  signals  of  the  frequency  of 
125  megacycles  or  thereabout. 

Instead  of  operating  continuously,  , 
the  beacons  can  be  rapidly  and  alter¬ 
nately  keyed,  so  that  only  one  oper-  : 
ates  at  any  given  moment.  This  can 
be  done  electronically,  at*  any  de-  , 
sired  rate.  If  the  panoramic  sweep 
is  also  electronically  operated,  and 
if  its  rate  is  sufficiently  high,  the  | 
keyed  signals  can  be  made  to  appear 
simultaneously,  as  if  they  were  ' 
steady  signals,  with  the  difference 
that  they  overlap  and  close  at  the 
bottom.  Such  keyed  beacon  signals 
have  a  “characteristic”  appearance 
which  cannot  be  mistaken  for  any  ^ 
other  kind  of  signal. 

The  rate  of  keying  can  also  be 
made  characteristic  for  various  air 
routes,  and  by  varying  the  sweep 
frequency  of  the  receiver  so  as  to 
synchronize  it  with  one  set  of  bea- 
I  cons,  a  method  of  differentiating  or 
!  “tuning  in”  one  set  of  beacons  from 
another  is  provided.  If  steady  car- 
!  riers  are  used,  (instead  of  electron- 
I  ically  keyed  ones),  the  identification 
I  of  the  signals  can  be  made  by  occas¬ 
ional  “blinking”  at  a  characteristic 
rate,  so  as  to  differentiate  one  line 
from  another,  or  one  zone  from  an¬ 
other. 

What  has  been  said  about  long 
distance  navigation  applies  even 
more  so  to  problems  of  instrument 
landing.  In  instrument  landing 
three  dimensional  navigation  is  re¬ 
quired:  that  means  either  the  use  of 
three  conventional  receivers,  or  the 
use  of  a  single  panoramic  receiver. 
What  are  needed,  essentially,  are 
longitudinal  indications,  in  other 
words,  distance  to  the  end  of  the 
runway;  lateral  indications,  or  a 
runway  localizer;  and  altitude  indi¬ 
cations,  or  a  glide  path  indicator. 

The  present  systems,  being  based 
on  uni-signal  reception,  require  three 
different  receivers,  pre-tuned  on 
three  different  frequencies.  Every 
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THE  TRIPLETT  ELECTRICAL  INSTRUMENT  COMPANY 

Bluffton,  Ohio 


tooth  wave  of  adjustable  frequency 
and  amplitude.  The  reactance  pre¬ 
sented  by  the  reactance  tube  (a 
high-y„  type)  succeeds  in  changing 
the  tuning  of  the  oscillator  by  a  suf¬ 
ficiently  large  percentage  to  permit 
periodic  tuning  over  a  band  as  large 
as  5  Me  at  carrier  oscillator  fre¬ 
quencies  about  125  Me. 

The  receiver  shown  in  the  photo¬ 
graph  is  designed  for  the  following 
specifications:  a  total  frequency 
sweep  range  of  5  Me  maximum,  2.5 
Me  each  side  of  the  center;  the  cen¬ 
ter  frequency  adjustable  from  115  to 
126  Me  by  manual  control  {by  means 
of  the  two  ganged  midget  capacitors 
shown  in  the  photograph'*.  The 
acorn  tubes  shown  are  employed  as 
converter  and  controlled  oscillator. 
A  6AC7  is  used  as  the  reactance  con¬ 
trol  tube,  with  its  soc’ket  connected 
directly  at  the  oscillator  tank  cir¬ 
cuit.  A  double  triode  is  used  for  the 
sawtooth  generator  which  controls 
the  reactance  tube,  and  a  single 
stage  i-f  amplifier,  detector  and 
audio  output  complete  the  assembly. 
A  two-inch  standard  cathode-ray 
tube  is  used  as  the  indicator.  More 
elaborate  receivers  have  been  built, 
of  course,  and  would  no  doubt  be  ad¬ 
visable  for  regular  service. 

The  fact  that  the  panoramic  re¬ 
ceiver  can  receive  a  great  many  sta¬ 
tions  at  once  (illustrated  for  exam¬ 
ple  on  the  broadcast  band  panorama 
!  shown  on  the  cover  of  this  issue) 
j  makes  it  possible  to  use  the  system 
’  in  conjunction  with  several  beacons 
1  stations  set  up  along  a  navigational 
'  line.  Dr.  Wallace  describes  this  ap- 
!  plication  as  follows: 

:  “By  operating  each  successive 

beacon  on  a  progressively  different 
!  frequency,  each  corresponding  signal 
I  will  successively  appear  on  the  pan- 
'  oramic  screen,  gradually  increasing 
in  amplitude  as  the  plane  approaches, 
and  decreasing  as  it  recedes.  Not 
only  can  the  flier  keep  on  course  with 
the  nearest  beacon,  but  wnat  makes 
this  system  distinctive  is  that,  from 
the  signal  strength  ratios  of  two  ad¬ 
jacent  beacons,  he  can  know  con¬ 
tinuously  his  position  between  them. 
This  is  two-dimensional  navigation, 
as  compared  with  single  dimensional 
navigation,  the  only  possible  type 
of  navigation  with  a  receiver  de¬ 
pending  on  a  single  signal. 

“The  average  frequency  assigned 
to  each  beacon  must  be  determined 
according  to  its  geographic  location. 


This  Pocket  Size  Volt-Ohm-Milliammeter 
is  a  complete  instrument  for  all  AC-DC 
Voltage,  current  and  resistance  analyses. 
Has  3”  Sq.  Triplett  improved  rectifier 
type  instrument.  AC-DC  Voltage  scales 
read:  0-10-50-250-500-1000  at  1000  ohms 
per  volt.  DC  Milliampere  scales  read: 
0-1-10-50-250.  Ohms  scales  read:  Low 
i-300;  High  250,000.  Resistance  range 
can  be  increased  by  adding  external  bat¬ 
teries.  Newly  improved  low  loss  selector 
switch.  Black  molded  case  and  panel, 
completely  insulated — RED  •  DOT  Life¬ 
time  Guaranteed  Measuring  Instrument 
.  .  .  Alligator  Clips,  Battery  and  Test 
Leads  included  .  .  .  Dealer  Net  Price  .  .  . 
$14.00.  For  Catalog  write  Section  236 
Harmon  Drive. 


MODEL 

666 


DEALER  NET 


MODEL  666-H  .  .  .  same  as  Model  666  but 
with  AC-DC  Voltage  ranges  to  5000  volts 
(self  contained)  .  .  .  Dealer  Net  Price. $14. 50 


The  Sew  1940-41  Line  of  Triplett  Test 
Equipment  Will  Be  Displayed  in  Booths 
So.  619-621— Chicago  Radio  Parts  Show 


tor  this  Bulletin^ 


Standard  Range  and  High  Value  Resistors  that 
have  won  favor  by  their  noiseless  operation, 
durability,  and  retention  of  values  and  charac¬ 
teristics  under  extremes  of  temperature, 
humidity  and  rapid  climatic  changes.  Widely 
used  in  commercial,  industrial  and  scientific 
equipment.  Write  today  for  a  copy  with  Price 
List.  Ask  for  RESISTOR  BULLETIN  37. 


Tb«  S.  S.  Whit*  Dental  Mig.  Co. 


Department  R.  10  East  40th  St.,  New  York,  N.  Y. 
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Television 

Receiver 

(Continued  from  page  19) 

been  independently  tested  it  is  pos¬ 
sible  to  assemble  the  units  at  ran¬ 
dom,  and  no  further  test  is  applied 
but  a  check  to  see  that  the  cathode- 
ray  tube  chosen  for  the  assembly 
and  the  entire  unit  operates  satis-  i 
factorily  on  a  sinjrle  channel.  This 
final  operating  test  is  generally  ap¬ 
plied  after  complete  assembly  in  the 
cabinet. 


Ttveiity-Inch  Tube 
The  television  receiver  which  has 


LEADERSHIP! 


Ifs  STROMBERG  CARBURETORS 
using  WILCO  THERMOMETAL 


been  de.scribed  is  desifrned  to  em¬ 
ploy  either  the  14-inch  tube  which 
so  far  has  been  the  commercial 
standard  or  the  newly  released  20- 
inch  cathode-ray  tube  which  is 
illustrated  here.  While  the  14-inch 
tube  provides  a  picture  approxi¬ 
mately  8  inches  by  10  inches  which 
is  of  reasonable  size  for  many  in¬ 
stallations,  the  20-inch  tube  gives  a 
picture  sufficiently  large  to  be  ob- 
.served  from  any  point  in  the  average 
living  room.  Tests  on  the  20-inch  i 
blank  in  operating  conditions  have 
shown  that  the  strains  in  it  are  no  j 
more  .serious  than  those  in  the  14-  1 
inch  tube.  I 

The  Type  195  20-inch  television 
receiver  contains  an  all-wave  radio  ; 
as  its  sixth  sub  chassis.  Also  in  ' 
light  of  the  flexibility  of  television  I 
transmissions  as  recently  recom-  I 
mended  by  the  Federal  Communica-  i 
tions  Commission  this  receiver  in-  | 
corporates  a  switch  allowing  .selec-  i 
tion  of  two  pre-set  combinations  of  I 
line  and  frame  freipiencies.  Since  i 
automatic  circuits  are  difficult  to 
build  to  accommodate  both  the  R.M. 
A.  synchronizing  signal  and  the 
more  recently  proposed  Du  Mont  sig¬ 
nal  with  the  high  frequency  verti¬ 
cal  pul.se,  it  was  deemed  best  for 
til  is  transition  period  at  least  to  pro¬ 
vide  for  both  the  R.M. A.  and  Du 
Mont  type  of  synchronizing  signals 
wliich  is  most  practically  done  by  an 
actual  .selector  .switch.  The  range  of 
tho  .sweep  controls  of  this  unit  is 
sutticient  to  cover  line  and  frame 
combinations  from  625  lines  at  15 
frames  to  507  lines  at  30  frames  so 
as  to  be  able  to  accommodate  all  rea¬ 
sonably  logical  transmissions  which 
arc  expected  in  the  near  future. 


Accuracy  and  dependability 
are  the  keynotes  of  the  new 
Stromberg  ‘‘Automatic  choke 
control”  carburetor  you’ll  find 
in  the  1940  Buicks.  Natu¬ 
rally,  the  important  thermo¬ 
static  bi-metals  are  by  Wilco 
supplier  of  such  metals  to 
the  industrial  leaders  of  the 
world  for  more  than  26  years. 


Pioneers  in  the  development, 
manufacture  and  sale  of  ther¬ 
mostatic  bi-metals,  Wilco’s 
experienced  research  tech¬ 
nicians  welcome  new  prob¬ 
lems.  Why  not  consult  them 
about  yours?  The  H.  A. 
Wilson  Co.,  105  Chestnut  St., 
Newark,  N.  J.  Br.  Offices: 
Detroit,  Mich.,  &  Chicago,  Ill. 


WILCO  THERMOMETAL 

(Thermostatic  Bi-Metal) 


WESTERN  UNION 

uses  this  Fully  Electro-Magnetic 

HEINEMANN  CIRCUIT  BREAKER 


in  their  recently  developed  1000  Watt  Radio  Transmitter 


We  quote  from  their  catalog:  "Additional  fea¬ 
tures  are:  The  absence  of  the  conventional  types 
of  fuses.  Overload  protection  is  provided  by 
the  use  of  magnetic  circuit  breakers  which  also 
serve  as  switches  and  make  possible  a  very  sim¬ 
ple  and  effective  control  circuit  .  .  ."  Its  small 
siie  and  low  cost  provide  a  most  economical 
means  of  built-in  protection. 


HEINEMANN  CIRCUIT  BREAKER  CO. 

97  PLUM  ST.  -  -  -  -  TRENTON,  N.  J. 


Exclusive  Features: 

In  any  rating  from  50  milliamperes  to 
50  amperes. 

Instantaneous  operation  on  short  cir¬ 
cuits  and  dangerous  overloads. 

Increases  life  of  tubes;  cuts  down 
eipensive  replacements. 
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FOR  Permanent  low 

CONTACT  RESISTANCE, the 

SHALLCROSS 

ROTARY  SELECTOR  SWITCH 


Particularly  designed  for  use  with 
the  Thermocouple  and  other  instru¬ 
ment  circuits,  also  to  control  cir¬ 
cuits  such  as  found  in  high  grade 
electrical  apparatus. 

Made  with  a  very  superior  ce¬ 
ramic  switch  plate  known  as  "stea¬ 
tite”,  and  has  eleven  solid  "fine” 
silver  contacts  and  contact  arms. 
The  average  contact  resistance  in 
this  switch  is  .00075  ohms  or  less. 
Supplied  with  more  or  fewer  con¬ 
tacts,  with  or  without  stops,  short¬ 
ing  (bridging)  or  non-shorting. 

COST  SLIGHTLY  MORE— BUT 
W  ORTH  MUCH  MORE  BECAUSE 
THEY  LAST  LONGER,  ARE 
MORE  ACCURATE. 

Also  furnished  enclosed — mounted 
on  a  beveled  bakelite  panel  with 
etched  dial  and  housed  in  a  cast 
aluminum  box. 


These  boxes  are  also  available  with 
Shallcross  No.  531  Switch,  employ¬ 
ing  brass  contacts  and  phosphorus 
bronze  contact  arm. 

Write  for  Switch  Bulletin 
No.  141 -KM 


SHALLCROSS  MFC.  CO. 

Instruments  —  Resistors  —  Switches 

COLLINGDALE,  PA. 


one  is  used  either  as  a  signal 
strength  indicator  (marker  beacon 
receiver  and  glide  path  receiver),  or 
as  a  means  for  comparing  signal 
strengths  (runway  indicator).  Al¬ 
though  three  different  receivers  are  j 
used,  there  is  still  a  compromise  be- 
tw’een  safety  and  convenience. 

The  longitudinal  indications  are 
produced  by  two  marker  beacons, 
w'hich  are  two  small  oscillators,  one 
placed  about  two  miles  from  the  end 
of  the  runway,  and  the  other  within 
a  few  hundred  feet.  The  two  oscil- 
I  lators  must  operate  on  the  same  fre¬ 
quency,  so  as  to  use  one  single  uni¬ 
signal  receiver  for  the  two. 

This  means  that  no  indication  is 
received  as  to  distance  to  the  end 
of  the  runway  between  the  moment 
when  the  pilot  is  informed  that  he  is 
within  two  miles  from  it,  and  the 
j  moment  when  he  knows  that  within 
I  six  seconds  he  must  touch  the 
I  ground.  Furthermore  the  glide  path 
indicator  is  based  on  the  absolute 
field  strength  reading  of  that  uni¬ 
signal  receiver,  instead  of  being 
based  on  a  comparison,  which  is  al¬ 
ways  safer. 

By  utilizing  panoramic  reception, 
on  the  other  hand,  the  runway  lo-  ■ 
calizer  can  be  a  dual  frequency  ^ 
beacon,  such  as  described  above,  op-  ; 
erating  at  a  standardized  average  ! 
frequency. 

The  glide  path  indicator  can  also 
be  a  dual  frequency  beacon,  at  a  dif-  ^ 
ferent  frequency.  The  equipotential  ^ 
path  of  this  latter  beacon,  is  pro¬ 
duced  by  two  patterns  of  propaga¬ 
tion  which  differ  in  the  vertical  ! 
plane:  one  radiator,  putting,  for  ex-  | 
ample,  a  lobe  practically  parallel  to 
the  ground,  and  another  one,  on  ad-  i 
jacent  frequency,  having  a  slightly  ' 
higher  vertical  lobe.  j 

A  series  of  markers  (simple  oscil-  ! 
lators)  at  still  different  frequencies, 
are  located,  for  example,  at  every  ! 
half  mile  along  the  runway,  and  so 
disposed  that  when  the  plane  is 
above  them,  it  receives  their  signals 
at  an  amplitude  equal  to  either  lo¬ 
calizer  or  glide  path  indicator.  Their 
frequencies  are  progressive  and  in¬ 
dicative  of  distance  from  the  end  of 
the  runway,  as  explained  in  connec¬ 
tion  with  the  long  distance  beacons. 
The  pilot  sees,  from  their  continu¬ 
ous  field  strength  variation,  at  all 
times  his  position,  and  he  knows  at 
all  times  how  far  he  is  from  the  end 
of  the  runway. 


need  ^ 
relays  ■ 

Jack,  target,  potential,  oil  dash  pot, 
thermal  time  delay  and  indicator 
types.  In  fact,  all  types  for  all  pur¬ 
poses  are  made  by  Autocall,  special¬ 
ists  for  over  30  years  in  signalling 
and  ctmtrol  devices  and  equipment. 

INDICATOR  TYPE 


Eleven  position  rotary  indicator.  High 
speed.  Indicator  can  he  numbered,  let¬ 
tered  or  consist  ot  colored  bars,  etc.,  as 
required. 

Write  loJay 

frtr  NEW  CATALCXi 


SHELBY 
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•  RCLAVS  •  ANNUNCIATORS 

•  tNOKATINO  DEVICSS  ■  UQUID  FLOW  OCVICCS 

•  KLLS,  HORNS.  CHUMCS  •  COOtNG  TRANSMITTERS 
Md  MISC  EQUIPMENT  .  SIGNALUN6  SYSTEMS 

•  TERMINAL  DISCONNECT  SLOCKS  ALL  TYPES 


JONES  500  SERIES 
POWER  PLUGSand  SOCKETS 


A  new  series  for  heavy  currenfs  and  high 
voltages.  Engineered  to  fulfill  all  elec¬ 
trical  and  mechanical  requirements.  Sizes: 
2,  4,  6,  8,  10,  and  12  contacts.  Bulletin 
No.  500  in  preparation.  Apply  for  a 
copy. 

No.  10  Catalog  listing  our  regular  lines 
and  many  new  items  now  ready.  Send  for 
your  copy  today. 


HOWARD  B.  JONES 

2300  WABANSIA  AVENUE, 
CHICAGO  ILLINOIS 
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THE  ELECTRON  ART 

Method  of  telephoning  in  noisy  loca¬ 
tions,  magnetron  oscillators,  location  of 
buried  cables,  patent  searching  and  an 
infra-red  phototube  are  the  subjects 
taken  from  periodicals  this  month 


The  Laryiigophone 

A  METHOD  BY  WHICH  TELEPHONIC  COM¬ 
MUNICATIONS  may  be  maintained  in 
very  noisy  surroundings  is  described 
in  ‘‘The  Laryngophone”  by  J.  de  Boer 
and  K.  de  Boer  in  the  Philips  Technical 
Review  for  January,  1940.  Ordinary 
microphones  cannot  distinguish  between 
the  desired  sound  and  any  other  de¬ 
sired  sound  that  may  be  present.  It 
is  necessary  therefore  that  they  be 
used  in  surroundings  where  a  disturb¬ 
ing  sound  is  not  too  great.  In  order 
to  conduct  telephone  conversations  in 
airplane  cabins,  boiler  factories,  ship¬ 
building  yards,  mine  shafts  and  other 
very  noisy  places  a  new  technique  of 
converting  voice  sound  into  electrical 
energy  was  developed.  A  new  device, 
the  Laryngophone  is  not  actuated  by 
sound  emanating  from  the  mouth  of 
the  speaker,  but  by  the  mechanical 
vibrations  of  the  vocal  chords  in  the 
throat.  This  is  done  by  placing  the 
Laryngophone  in  close  contact  with 
the  outer  surface  of  the  throat  in  close 
proximity  to  the  vocal  chords.  The 
Laryngophone  may  be  compared  to  a 
phonograph  pick-up  in  that  its  opera¬ 
tion  is  not  affected  in  any  manner  by 
sound  in  the  air. 

The  authors  discuss  briefly  the  mech¬ 
anism  of  speech  production  to  show 
that  the  throat  vibrations  have  approx¬ 
imately  the  same  form  as  the  air  vibra¬ 
tions  which  occur  during  speech.  This 
approximation  is  close  enough  so  that 
the  Laryngophone  has  an  intelligibility 
which  is  close  to  that  of  the  air  micro¬ 
phone. 

There  were  two  kinds  of  laryngo- 
phones  developed,  a  crystal  unit  in 
which  quality  was  of  prime  importance 
and  a  carbon  unit  which  was  designed 
for  the  greatest  possible  sensitivity. 
The  utility  of  the  new  instrument  can 
be  tested  by  quantitative  determina¬ 
tions  of  the  intelligibility.  In  such 
tests  it  was  shown  that  ordinary  tele¬ 
phone  apparatus  gives  an  intelligibility 
of  about  90  per  cent  in  surroundings 
of  low  noise  levels.  This  compares  with 
an  intelligibility  of  86  per  cent  for  the 
crystal  laryngophone  and  77  per  cent 
for  the  carbon  laryngophone.  Under 
conditions  of  severe  noise  level  the  in¬ 
telligibility  of  the  crystal  unit  de¬ 
creased  to  about  80  per  cent,  the  car¬ 
bon  unit  to  68  per  cent  and  the  ordi¬ 
nary  telephone  to  0  per  cent.  The  68 
per  cent  mentioned  for  the  carbon  unit 
is  high  enough  to  enable  one  to  follow 


a  conversation  and  thus  certainly  high 
enough  to  be  able  to  make  understand¬ 
able  orders  or  similar  communications 
of  a  familiar  recurring  nature.  Also, 
the  intelligibility  can  be  further  in¬ 
creased  by  using  telephone  lines  with 
a  better  frequency  characteristic  than 
is  usually  the  case. 

The  most  important  possibilities  of 
application  for  the  laryngophone  have 
already  been  mentioned.  In  these 
troubled  days  of  destruction  of  life 
and  property  over  a  considerable  por¬ 
tion  of  the  world,  another  application 
becomes  of  prime  importance.  It  is 
the  use  of  the  laryng(^hone  in  combin¬ 
ation  with  gas  masks.  An  air  micro¬ 
phone  is  quite  useless  in  this  case  be¬ 
cause  of  the  resonances  in  the  small 
sealed  air  space  inside  the  mask.  This 
difficulty  is  overcome  when  a  laryn¬ 
gophone  is  used.  It  also  has  the  added 
advantage  that  it  can  be  passed  from 
one  speaker  to  another  without  it  being 
necessary  to  open  the  mask. 


Magnetron  Oscillators 

In  THE  March,  1940  issue  of  the  Jour¬ 
nal  of  the  Institute  of  Electrical  Engi¬ 
neers  (London)  three  articles  discuss 
the  operation  of  magnetron  oscillators: 
“An  Experimental  Investigation  of 
Resonance  and  Electronic  Oscillations 
in  Magnetrons,”  by  J.  S.  McPetrie  and 
L.  H.  Ford,  “A  Magnetron  Oscillator 
with  a  Compound  Field  Winding,”  by 
L.  II.  Ford  and  “The  Impedance  of  the 
Magnetron  in  Different  Regions  of  the 
Frequency  Spectrum,”  by  A.  F.  Har¬ 
vey.  The  results  described  in  the  first 
paper  show  that  the  same  resonance 
oscillations  occur  in  both  single  and 
multi-segment  anode  tubes  having  simi¬ 
lar  dimensions,  but  that  by  dividing  the 
anode  into  a  number  of  segments  cer¬ 
tain  types  of  these  resonance  oscilla¬ 
tions  become  predominant.  As  these 
resonance  oscillations  occur  in  a  full- 
anode  magnetron,  it  would  appear  that 
the  precession  of  electrons  occurs  even 
in  the  absence  of  any  alternating  com¬ 
ponent  of  electric  field  between  the 
segments  of  the  magnetron,  but  that 
the  effect  becomes  more  pronounced 
on  division  of  the  anode  into  a  number 
of  separate  segments. 

The  second  paper  discusses  the  pos¬ 
sibility  of  using  the  anode  current  to 
excite  additional  coils  on  the  electro¬ 
magnet  of  a  magnetron  oscillator  and 
thus  control  the  magnetic  field.  When 
the  anode  current  assists  the  main 
magnetizing  current,  the  benefits  are 
rather  doubtful,  but  when  the  anode 
current  opposes  the  magnetizing  cur¬ 
rent,  advantages  as  a  generator  of 


ELECTRON  CAMERA 


The  electron  microscope  and  camera  shown  above  has  been 
installed  at  the  Case  School  of  Applied  Science  to  study  crystals 
and  atomic  structure  in  researches  cpnducted  to  lessen  wear, 
corrosion,  friction  and  other  destructive  forces.  It  records  streams 
of  electrons  rather  than  light  rays 
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"  Birds  of  a  feather 
flock  together "  -  - 

That's  ^hy  oor  resisiQfS  Qfe  used 
in  son'e  of  the  finest  electro'"C 

equiptrient  on  the  ma'ket 

Your  produC'  merits  the  most 
relioble  wire  wou''d  tes's'ors  ’ 

■ 

Profit  by  COr'Suitir’q 

Initrument  Resistors.  Inc. 

LITUi  FAILS.  NCW  JiRSiT 

MAK(tS  w  tf  ^OuNO  HSiSfOR's 
>Oi  TMI  tiKTtONtf  INOUSTtt 


Cotologue  upof^  Request 


Remler  Attenuators — -smooth  as 
cream  and  they  clean  themselves!  Sil¬ 
ver  contacts  (.030"  solid  silver)  ma¬ 
chined  to  precision,  "floated"  on  ball 
hearings.  Self-cleaning  because  soft, 
thin  silver  oxide  automatically  wipes 
off  with  the  blade!  Always  quiet, 
even  in  low-level  circuits.  It’s  a 
pleasure  to  mix  with  Remler  Atten¬ 
uators.  Write  for  complete  specifi¬ 
cations. 

REMLER  COMPANY,  Ltd. 

(  19th  at  Bryant  San  Francisco 


re.sonance  o.scillations  are  gained.  It  i.s  ! 
possible  to  improve  the  stability  of  the 
oscillator  by  this  method.  It  also  re¬ 
moves  the  danger  of  overheating  the 
anode  if  the  load  is  suddenly  removed. 

I  The  third  paper  gives  a  de.scription 
I  of  a  series  of  measurements  on  the  I 
:  impedance  of  the  magnetron  and  its  re-  i 
I  lation  to  the  operating  conditions  in  dif-  ! 
ferent  regions  of  the  frequency  spec¬ 
trum.  The  object  of  the  experiments 
was  to  understand  and  explain  the  i 
mechanism  of  operation  of  the  magne-  1 
tron.  This  has  not  been  completely  ! 
possible  and  it  appears  that  a  full  ex-  I 
'  planation  is  difficult  unless  existing 
■  theories  of  electron  motion  in  the  mag-  , 
netron  especially  under  dynamic  con¬ 
ditions  are  much  extended.  A  number 
of  curves  are  shown  to  illustrate  these 
results. 


•  •  • 


Radio  Noise 

The  .March  li»40  is.si’e  of  Electrical 
Etiyiueeritiy  contains  an  article  entitled 
"Instruments  and  Methods  of  Measur¬ 
ing  Radio  Noise,”  by  C.  V’.  Aggers,  Dud¬ 
ley  E.  Foster  and  C.  S.  Young.  It  is 
essentially  a  discussion  of  the  recom¬ 
mendations  of  the  point  coordination 
committee  on  radio  reception  of 
E.E.I.,  X.E.M.A.  and  R.M.A.  as  to  the 
,  nature,  essential  characteristics  and 
'  performance  of  an  instrument  for  the 
I  measurement  of  radio  noise  voltages. 

I  Various  types  of  apparatus  produce  ' 
radio  noise  of  varying  characteristics; 
.some  types  of  noise  have  high  ampli-  i 
tudes  and  short  duration  and  others 
are  of  a  more  nearly  sinusoidal  form.  ^ 

I  .-Vlso  the  circuits  of  the  radio  receiver 
upon  which  the  noise  impinges  will 
;  have  an  affect  on  the  noise  character- 
I  istics  so  that  the  character  of  the  noise 
'  at  the  output  may  differ  materially 
i  from  that  at  the  input. 

The  noise  meter  designed  to  measure  j 
the  characteristics  of  the  noise  source  1 
I  as  it  exists  at  the  input  to  a  receiver  | 
I  would  be  very  complex  and  cumber-  i 
I  some.  The  most  practical  type  of  in¬ 
strument  is  one  essentially  similar  to  a 
radio  receiver  with  an  indicating  in¬ 
strument  in  the  output.  It  can  there¬ 
fore  be  made  convenient  to  operate,  j 
portable  and  reliable.  There  are  three  i 
general  types  of  output  indicators;  os-  | 
cilloscopes,  wave  form  analyzers  and  i 
indicating  meters.  The  indicating 
meters  are  convenient  and  reliable  and 
are  therefore  preferred  for  general  use. 
The  characteristics  of  the  circuit  of  the  | 
meter  are  discussed  in  considerable  de¬ 
tail. 

The  methods  for  the  measurement 
of  radio  noise  produced  by  various 
types  of  electrical  apparatus  are  de¬ 
scribed.  At  the  end  of  the  article  there 
is  considerable  discussion  by  leading 
engineers  of  the  industry  and  addi¬ 
tional  discussion  by  the  authors. 


Announcing 

a  change  of  name 
^  MICROVOLTS 

INCORPORATED 
will  in  the  future  be  known  as 

MEASUREMENTS 

CORPORATION 

There  will  be  no  change  of  per¬ 
sonnel  or  policy,  and  the  present 
line  of  radio  measuring  equipment 
will  be  continued,  Including 


THE  MODEL  58 

Television  Noisemeler  1 5— 1 50  megacycles. 
1-100,000  microvolts.  For  noise  and 
field-strength  measurements. 


THE  MODEL  54 

Standard  Signal  Generator  IOD-25,000 
kc.  1.0  volt  output.  MOPA  circuit. 
Modulation  to  100%  with  low  distortion. 
Accuracy  plus  economy. 


THE  MODEL  65 

Standard  Signal  Generator.  All  the  fea¬ 
tures  of  the  Model  54  plus  2.0  volt  out¬ 
put  and  internal  high  power  modulating 
amplifier  with  pure  400  cycle  oscillator. 


•  Write 

for  complete  details  and  prices  of  these 
instruments. 


Telephone:  Boonton  8-1346 


M  E AS  U  REM  ENTS 

CORPORATION 

- © - ^ - 

BOONTON  ^-^NEW  JERSEY 
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Mirroorf;unisiii8  iii  High 
Fr«*qiieney  Fields 

In  recent  years  the  use  of  radio¬ 
therapy  in  the  treatment  of  a  variety 
of  human  ills  has  received  wide  appli¬ 
cation.  There  have  arisen  several  con¬ 
troversial  questions  relative  to  the 
nature  and  specificity  of  the  action  on 
tissues  of  or>ranisms  at  different  fre¬ 
quencies.  Messrs.  Francis  M.  Summers 
and  Harold  K.  Hughes  present  a  re¬ 
port  entitled  “Experiments  with  Col- 
pidium  Campylum  in  High-Fre(iuency 
Electric  and  Magnetic  Fields,”  in  the 
.■\pril,  HMO  issue  of  Physiological 
Zoology.  The  purpose  of  the  experi¬ 
ment  was  to  inve.stigate  the  possibility 
of  an  effect  of  high  fre<juency  fields  and 
biological  organisms  which  cannot  be 
shown  to  result  entirely  from  heating. 
.\  large  number  of  organisms  were  ex- 
po.sed  individually  to  electric  and  mag¬ 
netic  fields  of  freciuencies  from  15  Me 
to  fiO  Me  under  conditions  of  constant 
temperature  and  controlled  environ¬ 
ment.  Direct  micro.scopic  observations 
were  made  before  and  after  exposure. 

The  previous  literature  pertaining 
to  this  subject  is  discussed  in  consider¬ 
able  detail.  The  authors  point  out  the 
position  which  is  jwcupied  by  their  own 
experiments  in  the  development  of  the 
broad  subject  of  radio-therapy.  From 
the  results  of  the.se  experiments  tbe 
conclusion  is  reached  that  there  is  no 
large-order  effect  on  the  physiological 
organization  of  the  micnmrganisms 
(colpidium  campylum)  which  can  be 
attributed  to  the  nonthermal  mode  of 
energy  transfer  from  high-frequency 
electric  or  magnetic  fields  in  a  range 
of  friHiuencies  from  15  Me  to  fiO  .Me. 


DIRECT  READING 
FREQUENCY  MONITOR 

MODEL  FD8  BY 


FEATURES:  ^ 

•  Provides  direct  reading  of  frequency 
deviation. 

•  Temperature  controlled  crystal  cham¬ 
ber. 

•  Monitors  four  frequencies. 

•  Operates  on  any  frequency — 1500  to 
50.000  KC 


•  Accuracy  of  the  monitoring  frequency 
is  .002  per  cent 

•  Three  ranges  of  measurement — 1000, 
5000,  and  10,000  cycles 


For  further  details  write 


DOOLITTLE  &FALKN0R,  Inc 


7421  S.  LOOMIS  BLVD. 
CHICAGO,  ILLINOIS 


liifru'RtMl  Fliolouell 

.\  PAPER  WAS  PRE.SENTED  at  the  General 
Meeting  of  the  Electrochemical  Society 
in  .April  at  Wernersville,  Pa.,  by  Colin 
G.  Fink  and  Johnstone  S.  Mackey  en¬ 
titled  “Photoelectric  Cells  Sensitive  to 
Long  Wave  Rarliation.  The  Bismuth 
Sulfide  Cell.”  It  also  appears  in  Pre¬ 
print  No.  77-13  of  the  Society.  The 
principal  development  described  was 
the  use  of  bismuth  sulfide  as  a  photo¬ 
active  element.  The  greatest  sensitivity 
of  this  substance  is  at  about  70,000 
.Angstroms  and  about  80  per  cent  of 
its  activity  lies  in  the  infrafred  por¬ 
tion  of  the  spectrum. 

The  bismuth  sulfide  photocell  is  a 
soli<l  photoelement  corresponding  to  the 
cuprous  oxide  or  selenium  rectifier 
typ*'  of  photocell.  It  generates  its  own 
emf  under  the  influence  of  radiation 
without  the  application  of  an  external 
cmf.  The  new  photocell  differs  from 
present  commercial  units  in  that  it  is 
particularly  sensitive  to  radiation  from 
low-temperature  sources. 

The  paper  describes  the  experiments 
in  considerable  detail  and  a  compari¬ 
son  of  various  materials  and  methods 
•s  given  in  many  of  the  cases.  The  re¬ 
sults  of  a  number  of  tests  on  the  new 
photocell  are  given  in  the  form  of  a 
series  of  curves. 


Rodio  ond  sound  engincen  hove  leornod 
from  eaponenca  that  Pincor  Oynomotors 
provide  a  most  thoroughly  dependable 
"B"  power  supply  for  aircraft,  morine  and 
broadcast  service,  police  units,  outo  radios 
and  public  address  systems. 

Frames  and  capacities  for  every  require¬ 
ment.  5  to  850  watts.  Input  6  to  110  voBs; 
output  up  to  1500  volts.  Sturdy  construction 
to  give  thousands  of  hours  of  trouble-free 
service.  Smooth,  quiet,  light  weight  ond  com¬ 
pact.  Send  for  complete  information  todoy. 


PIONEER  GEN-E-MOTOR  CORP. 

466  W.  SUPERIOR  ST.,  CHICAGO,  ILL. 

Export  Address,  25  IDorrea  St..  Tlew  York,  %  Y.,  Cable  Simoatrice.  %.  y. 
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Microphone 


\mplifier\ 


Accepted 


Sound  Judgment 


SENSITIVE  RELAY! 


Only  .008  wa«i  D.C.,  .010  volt 
ampere*  at  60  cycle*  Operating 
Power. 

Operate*  on  power  where  re¬ 
duced  contact  pre**ure  i*  per- 
mis*ible. 

Wide  Range  of  Voltage  and 
Current. 

High  Speed  Operation. 

Dunco  Type  "S"  Relay*  are  ipaciii- 
cally  detiqned  tor  exactinq  application* 
where  a  hiqh  deqree  oi  eeneitivity  mu*t 
be  coupled  with  la*t,  low-power  op¬ 
eration.  Stay-put  adiu*tment  and  bal¬ 
anced  con*truction  oi  all  part*  a**ure 
real  dependability  even  where  yibra- 
tion  i*  encountered.  Special  alloy  core 
for  real  *en*itiyity — anti-ireexe  pin  pre¬ 
vent*  *tickina  due  to  r**idual  maq- 
neti*m — bearinq  irictlon  minimixed  by 
pin  bearinq  and  balance  armature  and 
many  other  ieature*.  Write  ior  Dunco 
Bulletin  P-243. 


Block  diagram  of  the  resonoscope. 
used  in  tuning  musicol  instruments 


Use  the  coupon  .  ,  .  for  complete  information 
and  samples,  describing  briefly  the  applica¬ 
tion  you  have  in  mind. 

MICA  INSULATOR  CO.,  198  Varick  St.,  New  York 
Send  me  cample*  and  price*  on  Lamicoid  for 

Name _ 

Company 

Address _ _ _ 

_ _ f-6.40 


The  Bureau  of  Foreign  and  Domestic 
Commerce  of  the  U.  S.  Department  of 
Commerce  has  issued  the  statistics  of 
radio  exports  for  the  year  1939.  The 
statement  gives  export  figures  on  ra¬ 
dio,  telephone  and  welding  equipment 
to  a  large  number  of  foreign  coun¬ 
tries.  The  value  of  the  transmitters  ex¬ 
ported  was  $2,700,000;  receivers  $10,- 
000,000;  tubes  $3,000,000,  loud  speakers 
$575,000  and  other  components  $5,500,- 
000.  A  copy  of  this  statement  may  be 
obtained  from  the  Department  at  a 
cost  of  10  cents. 


OXFORD 

Speakers 

♦ 


Your  •pecificalion*  will  have  our  immediale 
attention;  or  write  Dept.  E-3  for  neneral  deecrip* 
live  bulletin. 
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Dimiir  RELRVS 

SnUTNIBS  DUNN,  INC.,  DasB  Cherry  St..  Pm. 


SALES  HELPS  Enlarged  Section  of 
Spark  Plug  de*ign-made  for  B.  G,  Corp. 
Graphic  Lamicoid  mode  possible  o  demon¬ 
stration  diagram  that  stays  fresh  and  clean  in 
salesmen's  portfolios. 


•  New  Sizes  •  New  Types 


Built  to  the  most  exacting  require¬ 
ments,  OXFORD  speakers  are  known 
for  their  low  initial  cost  and  long 
trouble-free  service. 


The  Choice  of  those 
U'ho  keep  a  step  ahead 


•  Lower  Cost  •  Higher  Quality 


Four  essential  reasons  why  OXFORD 
speakers  are  the  choice  of  engineers, 
designers  and  producers  of  leading 
products  in  the  radio  and  sound  in¬ 
dustries. 


Radio  Exports 


LAMICOID 

. . .  promotes  design 
and  saleability 


DIALS  A  PANELS- l.ll.ring,  d.- 

signs  and  colors  ore  printed  by  silk-screen 
process  on  translucent  Lamicoid  stock  for  rear 
illumination.  Mode  for  oil  types  of  electronic 
work  by  Crowe  Nameplate  Co. 


Tlie  Resonoscope 


An  instrument  which  provides  an 
accurate  means  of  tuning  musical  in¬ 
struments  is  described  in  “The  Reson¬ 
oscope,”  by  S.  K.  Wolf  and  L.  B. 
Holmes,  in  the  May  1940  issue  of  the 
Journal  of  the  Society  of  Motion  Pic¬ 
ture  Engineers.  The  instrument  con¬ 
sists  essentially  of  a  set  of  standard 
electrically  driven  tuning  forks,  a 
cathode-ray  tube  and  the  associated 
amplifiers.  The  twelve  tuning  forks 
have  tones  corresponding  to  the  twelve 
notes  of  the  chromatic  musical  scale, 
which  are  used  to  synchronize  an  os¬ 
cillator  which  provides  a  horizontal 
sweep  for  the  cathode-ray  tube.  A 
microphone  which  picks  up  music  or  a 
single  musical  tone  is  then  connected 


Cathode-  ray 


J  Linear  j 

1 

1  Power  1 

'  sweep 

1  supply  , 

'Standard  freauencies 
electrically  ariven 
tuning  forks 

'Fork  oscillator 


CALCULATORS  "  Motor  Performance 
Chart  de*igned  by  Perry  Graf  Corp.  Graphic 
Lamicoid  permits  ingenious  design  plus  in¬ 
tricate  calibrations  that  ore  permanently  clear 
and  accurate. 


to  the  vertical  plates  of  the  cathode- 
ray  tube. 

This  gives  a  visual  picture  of  the 
wave  form  of  the  tones.  If  the  musical 
note  is  of  the  same  pitch  as  the  stand¬ 
ard  tone  of  one  of  the  tuning  forks, 
or  any  harmonic  of  it,  the  wave  will 
appear  to  stand  still  on  the  screen. 
If  the  note  is  flat,  or  lower  in  pitch 
than  the  horizontal  sweep  standard, 
the  wave  will  appear  to  move  to  the 
left.  If  the  note  is  higher  in  pitch  or 
sharp,  the  wave  will  move  to  the 
right.  This  gives  an  indication  to  the 
musician  whether  he  is  playing  in 
tune,  sharp  or  flat.  Also,  the  speed 
with  which  the  wave  moves  across 
the  screen  is  a  direct  indication  of 
how  much  the  instrument  is  out  of 
tune. 


\ 


RESISTANCE  TUNED 

AUDIO  OSCILLATORS 


LOW  DISTOBTION  —  I •  < t  than  1%  for  dis¬ 
tortion  moasuromonts  on  high  quality  audio 
•quipmont  ond  broadcast  transmittors 

EXCELLENT  STABILITT  — sav«s  tim*  b«-  | 

caus*  NO  ZERO  SETTING  nocossary  I 

WIDE  FREQUENCY  RANGE  —models  avail-  I 

obi*  from  5  cps  to  200  000  cps 

HIGH  OUTPUT  —  models  available  vrith  1  to  I 
5  watts  output 

INEXPENSITE-the  Model  200B.  20-20.000 

cps..  1  watt  output— only  $85  80  net  f  o  b. 

Polo  Alto,  California. 

Wrif  for  comploto  information 
about  thoso  and  othor  instrumonts 


HEWLETT-PACKARD  CO. 

481  Page  Mill  Road  •  Palo  Alto,  California 


patent  literature,  books  and  periodicals 
arc  of  considerable  value.  It  is  inter¬ 
esting  to  note  that  papers  delivered  be¬ 
fore  scientific  or  other  bodies  have  no 
standinjr  as  publications  in  patent 
work.  The  article  closes  with  a  few 
hints  on  how'  a  private  patent  library 
may  be  built  up. 


Fillers  Employing  Crystals 

'  A  DISCUSSION  OF  filters  making  use  of 
.  crystals  appears  under  the  title  “Elec¬ 
trical  Wave  Filters  Employing  Crystals 
I  with  Normal  and  Divided  Electrodes” 

I  by  W.  P.  Mason  and  R.  A.  Sykes  ap- 
I  pears  in  the  .April  1940  issue  of  the 
I  /ie/l  System  Technical  Journal.  Filters 
of  this  type  have  been  widely  used  in 
I  both  radio  systems  and  in  carrier  tele- 
I  phone  systems  in  this  country  and 
j  abroad.  The  article  discusses  all  of  the 
I  standard  types  of  filters  with  crystals 

■  and.  methods  for  determining:  their 

■  constants  and  attenuation  characteris- 
I  tics.  In  addition,  some  of  the  newer 

results  for  simplifying:  such  filters  are 
iriven.  The  theory  of  the  use  of  a 
j  divided  plate  crystal  in  filters  is  dis¬ 
cussed  and  an  equivalent  circuit  for  a 
I  crystal  with  two  sets  of  plates  is  g:iven. 


PKISONEK  INVENTS  POLICE 
RADIO 


An  inmate  of  the  Southern  Michigan 
Prison,  at  lackson,  has  invented  the 
small  radio  receiver  shown  here 
for  use  by  policemen  on  their  beats. 
Eight  loops  of  wire  woven  to  form 
a  Som  Brown  belt  act  as  the  an¬ 
tenna  and  tune  the  first  stage  to 
the  frequency  of  the  local  police 
transmitter.  The  receiver  is  battery 
operated,  uses  three  tubes,  and  is 
designed  to  be  worn  on  the  police¬ 
men's  belt.  An  earphone  is  at¬ 
tached  to  the  antenna  and  fits 
on  the  shoulder  near  the  ear. 


ALLIED  .  .  .  TYPE  H  RELAY 


Suitable  for  many  High  Frequency  utei 
such  as  antenna  chanqe-over,  switchinq 
of  band,  crystal  or  tank  circuits,  etc. 

Many  desirable  features: 

Maximum  air  space  insulation  used 
throughout;  all  parts  plated;  "Alsimaq" 
insulation;  coils  layer  wound  and  im¬ 
pregnated  for  continuous  duty;  double 
pole,  double  throw  fine  silver  contacts 
giving  ample  wipe  and  high  contact  pres¬ 
sure;  one  quarter  inch  fine  silver  rivets; 
standard  Allied  mounting  bracket;  dimen¬ 
sions — 3"  X  2* '2"  X  1*2".  Stock  numbers 
available  are  double  pole,  double  throw 
in  6,  12  and  125  volt,  60  cycle  AC,  or  DC. 

This  new  type  H  relay  is  a  fine  addi¬ 
tion  to  the  growing  line  of  Allied  quality 
relays. 

Wire  us  direct  for  literature  and  prices. 

Allied  relays  are  now  being  stocked  by 
leading  electrical  and  radio  parts  Jobbers 
throughout  the  country. 


ALLIED  CONTROL  CO.,  INC. 

227  FULTON  STREET  NEW  YORK  CITY 

Export  Drpirtment: 

Pan  Mar  Corp..  1270  Broadway.  Now  York  City 


This  is  the  book 
you  have  been 
waiting  for . . . 


TELEVISION 


THE  ELECTRONICS  OF 
IMAGE  TRANSMISSION 

By  V.  K.  ZWORYKIN 
and  G.  A.  MORTON 
RCA  Manutaefuring  Company 

From  two  men  well  known  in  the 
field  comes  a  book  on  this  newest  of 
practical  means  of  communication. 
Authoritative,  well  organized,  written 
in  direct,  clear-cut  English,  this  vol¬ 
ume  brings  to  radio  and  communica¬ 
tion  engineers,  television  engineers  and 
service  men  more  than  six  hundred 
pages  of  much  needed  factual  material. 
The  first  part  of  the  book  is  devoted 
to  a  consideration  of  the  fundamental 
physical  phenomena  involved  in  tele¬ 
vision — emission  of  electrons,  electron 
optics  and  fluorescent  materials.  This 
is  followed  by  analyses  of  funda¬ 
mentals  of  picture  transmission  and 
resolution;  various  forms  of  electronic 
terminal  tubes  used  in  television; 
problems  of  video  amplification,  radio 
transmission  and  reception,  etc.  One 
of  the  most  important  sections  of  the 
book  is  the  concluding  one,  in  which 
the  RCA-NBC  television  project  is 
described. 

FEBRUARY  1940 

646  pages;  6  by  9;  494  illusirations 

$6.00 


ON  APPROVAL  COUPON* 

JOHN  WILEY  A  SONS.  INC. 

440  Fourth  Avenue,  New  York.  N.  Y. 
Please  send  me  a  copy  of  ZWORYKIN 
AND  MORTON  S  TELEVISION  on  ten 
days’  approval.  At  the  end  of  that 
time,  if  I  decide  to  keep  the  book  I 
will  remit  $6.00  plus  postaxe;  other¬ 
wise  I  will  return  the  book  postpaid. 

Name  . 

Address  . 

City  and  State  . 

Employed  by  . 

'For  residents  of  the  United  States  and  Canada 
only.  E  6-40 
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STABILIZED  A.  C.  VOLTAGE 

k.  UP  TO  25  KVA  A 


Buried  (]able»  uiid  Pipe» 

“Locating  Buried  Cables  and  Pipes,” 
by  H.  C.  Marcroft,  appearing  in  May 
1S)40  issue  of  Instruments,  describes  a 
device  for  locating,  without  digging, 
cables,  pipelines,  conduits  and  other 
metallic  conductors  buried  in  the 
ground  or  in  concrete  floors  and  walls. 
The  circuit  of  the  instrument  is 
shown  in  the  accompanying  diagram. 
It  consists  of  a  magnetic  pick-up  coil 
on  a  U-shaped  iron  core,  a  battery 
operated  vacuum  tube  amplifier  and 
an  indicating  instrument.  It  has  suffl- 


NO  MOVING  PARTS 


When  a  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three  phase. 

Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-71  JE  describing  Raytheon  Stabilizers. 


/o.avn 


' 50.000 n 


Microammeter 
O  roOfiA  - 


Circuit  diagram  oi  the  buried  coble 
detector 


cient  sensitivity  to  detect  a  60-cycle 
current  of  2  or  3  amperes  at  a  dis¬ 
tance  of  1  foot.  Cables  carrying  direct 
current  can  easily  be  detected  if  the 
current  is  generated  by  a  d-c  gener¬ 
ator.  This  is  made  possible  by  the  com¬ 
mutator  ripple.  In  ca.ses  where  the 
cables  are  shielded  in  iron  conduits 
there  is  generally  enough  ground  cur¬ 
rent  to  operate  the  detector,  or  where 
it  is  necessary,  current  may  be  passeti 
through  the  conduits.  By  the  use  of 
this  instrument  iron  conduits  have 
been  located  as  much  as  13  feet  under¬ 
ground  with  no  difficulty. 


RAYTHEON  MANUFACTURING  CO. 

100  Willow  Street,  WALTHAM,  Massachusetts 


PERMANENT  MAGNETS 


★MECHANICALLY  PERFECT*MAXIMUM  ELECTRICAL  EFFICIENCY 

Permanent  Magnets  from  Alnico,  Chrome,  Tungsten,  and  Cobalts. 
All  sizes,  shapes,  and  types  to  meet  every  requirement.  Our  unparal¬ 
leled  engineering  and  manufacturing  facilities  assure  the  most  for 
each  dollar  spent  in  the  application  of  Permanent  Magnets. 

•  Full  information  will  be  furnished  upon  request 

•  We  solicit  your  inquiries 

THE  INDIANA  STEEL  PRODUCTS  COMPANY 

135  S.  LA  SALLE  STREET  CHICAGO,  ILLINOIS 

The  Largest  and  Oldest  Exclusive  Manufacturer  of  Permanent  Magnets  in  the  U.  S. 


Patent  Searching 

“Patent  Searching,  With  Special 
Reference  to  Chemical  Patents,”  by 
Milos  O.  Price,  which  appears  in  the 
April,  1940  issue  of  Special  Libraries, 
the  official  journal  of  the  Special  Li¬ 
braries  Association,  is  found  to  be  well 
worth  reading  by  radio  engineers,  even 
though  patents  in  the  chemical  field 
are  emphasized.  The  fundamentals  of 
the  patent  procedure  are  the  same  re¬ 
gardless  of  the  type  of  p.'itent  in  ques¬ 
tion. 

The  author  first  sketches  the  various 
requisites  of  patent  facilities,  that  is, 
what  is  patentable  and  what  is  not. 
He  then  tells  of  the  relation  between 
previous  patents  and  literature  cover¬ 
ing  the  subject  matter  in  question  to 
the  present  application.  The  various 
types  of  patent  searches  for  different 
purposes  are  covered.  Procedure  of  the 
search  is  outlined  in  considerable  de¬ 
tail  with  the  differences  in  the  diff<  r- 
ent  kinds  of  searches  pointed  out.  The 
classification  of  patents  in  a  patent 
office  is  stressed.  It  has  some  ?-0 
classes,  and  33,000  sub-classes.  Ob¬ 
viously  the  searcher  must  be  famil  ar 
with  the  classification  and  this  is  F^'S' 
sible  only  after  considerable  experience 
and  effort.  To  supplement  the  use  of 


ES  •  COMPOUNDS  for 
ELECTRICAL  INSULATION 


Zophar  offers  prompt  service  on  Insulating  Compounds  for 
a  wide  variety  of  electrical  applications,  including: 

.  .  .  insulation  for  CONDENSERS,  TRANSFORMERS,  COILS,  power 
packs,  pot  heads,  sockets,  wiring  devices,  wet  and  dry  batteries,  etc. 
Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXES  for 
radio  parts. 

Special  compounds  made  to  your  order. 


ZOPHAR  MILLS  INC 


Brooklyn,  N.  Y. 

FOUNDED  1  846 


June  J 940  — ELECTRONICS 


F-M:  Wide  Band 
vs  Narrow  Band 

{Conti tun’d  from  ]>age  29) 


dicator  and  even  then  it  must  be  ' 
tuned  very  carefully.  The  receiver 
desi^rned  for  transmitter  swinjr  of 
GO  kc  is  somewhat  better  than  30  kc  | 
but  still  less  than  one  half  the  ease  | 
of  the  150-kc  swin^.  This,  of  cour.se,  j 
i.«  due  entirely  to  the  ratio  of  the  ! 
band  width  to  the  total  band.  The 
possibility  of  providing  the  receiver  | 
desi^^ned  for  swin^rs  of  30  kc  with  ’ 
preset  “push  button  operation”  is 
quite  dirticult  and  this  leads  to  the  1 
problem  of  o.scillator  drift,  which,  I 
while  not  insurmountable,  will  cer-  I 
tainly  cau.se  receivers  to  be  more  ' 
costly  for  the  lower  transmitter 
swings. 

The  drift  of  the  receiver  desijrned  ; 
for  the  3()-kc  swin^r  is  no  different  i 
than  that  of  GO  kc  or  150  kc,  since 
the  oscillator  constants  must  neces-  I 
sarily  be  the  same  because  the  em-  ' 
ployed  frecjuencies  are  the  same. 
Practically,  on  the  receiver  desijrned 
tor  a  150-kc  swinjr  a  20-kc  o.scillator  i 
drift  is  u.sable.  That  is,  if  the  o.scil¬ 
lator  of  the  receiver  from  cold  to  ' 
hot  (a  period  of  25  to  GO  minutes) 
drifts  20  kc,  the  receiver  is  still 
.surticiently  broad  to  cause  no  in¬ 
tolerable  distortion,  although  it 
would  i)robably  be  desirable  to  re¬ 
time  after  about  15  minutes  from 
the  time  of  startinjr,  dependinjr  on 
the  strenjrth  of  sijrnal.  Thus,  in  a 
receiver  desijrned  for  150-kc  swinjr 
a  15-kc  o.scillator  drift,  which  is 
easily  obtainable  with  some  compen¬ 
sation  would  not  be  noticeable  by  the 
laser.  This  is  only  10  per  cent  of  the 
total  swinjr.  Now,  if  we  have  these 
same  values  on  the  receiver  desijrned 
for  30-kc  swinjr,  a  20-kc  oscillator 
drift  would  tune  the  receiver  to  the 
frinjre  of  the  next  channel.  An  o.scil- 
latnr  drift  of  15  kc  would  detune 
the  receiver  to  intolerable  distortion 
in  the  first  10  minutes,  the  succeed- 
injr  20  minutes  and  the  succeedinjr 
40  mintues.  The  receiver  would  have 
to  he  retuned  at  least  three  times, 
which  is  not  a  practical  operating 
characteristic  and  would  make  it  im¬ 
possible  to  use  preset  stations  unless 
extensive  means  were  used  to  cor¬ 
rect  the  condition.  Further,  the  al- 
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CALLITE  TUNGSTEN 

CORPORATION 

S44  39tll  ST.  •  UNION  CITY,  N.  I.  •  cable  address  .CIIUTIS 


/0/lB£7r£R  p£££ORMANC£ 

))  ^ AMERICAN  MADE  Ul 

M  NEEDLEy*  I/J 


CUTTINft  STYLd 

MACHINE  CAPPED  FOR.  UNIFORMITY 
For  greater  fidelity  in  recording,  truer  reproduc¬ 
tion  and  longer  life — use  ACTON'S  matched 
needles.  Send  for  trial  $omp/es. 


I007  SHAOOWGRAPMED 
PkAVeACK.  TYPE  ISO-M 

■  Acaa  NffOLi  IS 

INDIVWUAUV  MAGNIFIED  ZOOTIMEC 
FOR  YOUR  PROTKCTION 


H.W.  ACTON  C0.,iNC. 


3  70-  7th  AVE.  N.Y.C. 


FOR  THE  ELECTRONICS  EQUIPMENT  MANUFACTURER 

Safety  Terminals,  Insulated  Rectifier  and  Thyratron  Connectors,  High 
Voltage  Tube  Sockets,  Iron  Core  RF  Chokes,  Quarts  Q  Polystyrene 
Insulation,  High  Frequency  Variable  Condensers,  Meter  Type  Dials, 
Cast  Aluminum  Chassis,  etc.  Catalogue  Upon  Request 


Electron  and  Ion  Beams 
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Beams  of  electrons  and  positive  ions 
are  of  great  importance  in  modern 
electronic  devices  and  present  research 
indicates  that  in  the  future  they  will 
be  of  even  greater  importance.  Messrs. 
Lloyd  P.  Smith  and  Paul  L.  Hartman, 
both  of  Cornell  University,  contribute 
to  the  literature  on  this  subject  in  an 
ai’ticle  entitled  “The  Formation  and 
Maintenance  of  Electron  and  Ion 
Beams”  in  the  March,  1940  issue  of 
The  Journal  of  Applied  I^hysics.  They 
state  in  this  article  that  considerable 
difficulty  has  been  experienced  in  ob¬ 
taining  positive  ion  beams  of  high 
intensity  and  in  some  cases  in  obtain¬ 
ing  such  beams  of  electrons.  They 
show  that  there  is  a  definite  upper 
limit  to  the  current  that  may  be  ob¬ 
tained  in  a  beam  of  given  crosssection 
under  specified  voltage  conditions  and 
that  for  positive  ions  this  current  is 
quite  small.  The  problem  of  beam 
formation  divides  itself  naturally  into 
five  parts:  (1)  that  of  keeping  the 
ions  together  during  the  period  of 
initial  acceleration;  (2)  the  space 
charge  divergence  throughout  the  re¬ 
mainder  of  the  beam  length;  (3)  that 
of  preventing  divergence  over  the  high 
velocity  region;  (4)  the  radial  poten¬ 
tial  or  velocity  distribution  in  the 
beam  and  (5)  the  maximum  beam  cur¬ 
rent  that  can  be  realized.  These  as¬ 
pects  of  the  problem  are  discussed  in 
detail  and  various  practical  methods  of 
holding  the  beams  together  are  dis¬ 
cussed. 


WE'RE  REMINDED  OF 

0  ziegield  ehoiut 

Every  number  in  our  line  is  a 
beauty.  All  famous  radio  names . . . 
all  nationally  advertised  products. 
We  offer  you,  not  only  a  complete 
stock  to  choose  from,  but  the  widest 
possible  choice  in  the  pKirticular 
item  you  desire.  And  we  do  a  bit 
of  lily-gilding  by  adding  our  own 
guarantee  of  lasting  satisfaction  to 
the  manufacturer's.  Wherever  you 
are,  whatever  you  need,  you  can 
order  from  us  by  mail  with  abso¬ 
lute  confidence.  Send  for  our  com¬ 
plete  catalog  No.  78.  It's  FREE. 

Hadio  Wire  Television  tne. 
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EARLY  RECORDING 
METHOD 


Another  Lightweight 

EICOR  MOTOR 


1/  ' 


Designed  to  Help  You 
Design  a  Better  Job 


Packs  plenty  of  performan»e  into  small 
size  for  exacting  aircraft  use.  I/I' 
HP  at  8500  R.P.M.  2-5/16"  diameter 
2^'i"  long.  Weight  tmly  I'/i  lb' 
Used  for  bandswitching,  antenna  reel', 
or  any  type  of  remote  control.  Com 
plete  range  of  sizes  for  all  aircraft 
and  similar  applications. 
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Write  Today  for  Ct^mplete  Data 


Stt  THtM  AT  YOUR  JOBBtR 


517  S.  Laflin  Street,  Chicago,  U.S.A. 

Export:  AD  AURIEMA.  INC.,  118  Broad  'i 
New  York,  N.  Y.  Cable :  Auriema,  New  York 


THE  INDUSTRY  IN  REVIEW 


A  Simplified  Multiple  Seale  for  Measuring  Instruiiients 


The  Rotoroid  scale  proTides  a  number  of  scales,  each  of  different 
characteristic,  but  of  the  same  length,  for  measuring  instruments 


Diagram  showing  construction  of  the  multiple  scale 


once  of  a  number  of  other  scales,  espe¬ 
cially  when  there  are  as  many  as  six 
or  seven  scales  on  the  meter.  Also, 
there  is  always  the  danger  that  the 
incorrect  scale  may  be  used  or  that 
the  wronp:  multiplier  mi>rht  be  applied 
to  the  correct  scale.  Another  disad¬ 
vantage  is  that  if  the  scales  are  ar¬ 
ranged  on  concentric  arcs,  the  inner 
scales  are  much  shorter  than  those 
further  from  the  center.  The  accuracy 
of  the  shorter  scales  is  considerably 
less  than  the  longer  ones  and  they  are 
more  difficult  to  read. 

The  ideal  arrangement  is  to  have 
only  one  scale  visible  at  a  particular 
time  and  to  have  each  scale  of  the 
greatest  length  possible.  The  Rotoroid 
scale  provides  this  for  as  many  as  six 
scales.  The  mechanical  construction  is 
shown  in  the  accompanying  photograph 


Anew  ami  interesting  device 
which  simplifies  the  use  of  meas¬ 
uring  instruments  possessing  a  num- 
h«‘r  of  different  scales  has  come  to  the 
attention  of  the  editors.  It  is  the  Roto¬ 
roid  Rotating  Scale  manufactured  by 
the  Rex  Rheostat  Co.,  37  West  20th 
St.,  New  York.  In  addition  to  its  use 
in  electrical  measuring  instruments 
such  as  voltmeters,  ammeters,  etc,  the 
Rotoroid  scale  has  many  other  fields 
of  application.  It  may  be  applied  to 
radio  receiver  dials,  tachometers. 
Weighing  scales,  photographic  exposure 
meters  and  other  instruments  which  re- 
quire  a  multiplicity  of  ranges. 

There  are  several  drawbacks  to  con¬ 
ventional  multi-range  measuring  in¬ 
struments.  One  of  the  most  important 
of  these  shortcomings  is  the  confusion 
in  re.iding  a  scale  caused  by  the  pres- 
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This  multiple  scale  may  be  applied 
to  complete  circles  or  even  to 
spirals.  This  feature  considerably 
broadens  its  field  of  application 


and  diagram.  A  solid  metal  rod  is 
formed  in  the  arc  of  a  circle  of  the 
proper  size  to  suit  the  instrument. 
Over  it  is  placed  a  seamless  corrugated 
metal  tube  which  is  flexible  to  bending 
so  that  it  may  be  turned  in  an  arc  of  a 
circle  and  at  the  same  time  is  highly 
resistant  to  torsion  so  that  there  wdll 
be  no  angular  displacement.  To  pro¬ 
vide  a  flat  surface  on  which  to  place 
the  scale,  a  hexagonally  shaped  (outer 
surface)  rubber  tube  is  placed  over 
the  corrugated  tube.  The  unit  is  turned 
to  make  other  scales  visible  by  turn¬ 
ing  a  knob  on  the  exterior  of  the  in¬ 
strument  and  at  the  same  time  series 
or  shunt  resistances  are  switched  in 
or  out  of  the  circuit  to  change  the 
range.  To  prevent  any  change  in  the 
length  of  the  scale  due  to  changes  in 
temperature,  both  ends  of  the  cor¬ 
rugated  tube  are  rigidly  fixed  in  posi¬ 
tion. 

Besides  overcoming  the  disadvantages 
of  the  conventional  scale  arrangement 
of  measuring  instruments,  the  Roto¬ 
roid  scale,  permits  two  observers  to 
read  the  scale  w’ith  accuracy.  This 
is  done  by  exposing  two  surfaces  each 
W’ith  a  scale  on  it,  extending  the  pointer 
to  cover  both  scales  and  by  providing 
an  extra  mirror  to  avoid  errors  due 
to  parallax. 

This  new  device  is  not  limited  to 
small  angles  of  operation  or  to  the  arc 
of  a  circle.  The  shape  of  the  scale 
does  not  matter  and  if  necessary  may 
be  any  irregular  curve.  It  is  possible 
to  use  it  in  an  instrument  which  re¬ 
quires  that  the  dial  occupy  slightly 
less  than  360  degrees  or  almost  a  com¬ 
plete  circle  as  shown  in  the  accompany¬ 
ing  photograph. 
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solves  tough 
pi(k~up  problems 


Prominent  broadcast  stations  and 
recording  studios  already  using  this  new 
Shure  "555”  Cardioid  Dynamic  Microphone 
are  enthusiastic  about  its  performance. 
Gives  smooth,  wide-range  front-side  re¬ 
sponse  from  40  to  10,000  cycles.  Dead 
at  rear.  Stops  unwanted  sounds — reduces 
reverberation  and  random  noise  pick-up 
66%.  Low  price  made  possible  by  the  ex¬ 
clusive  Shure  Uniphase  principle.  35-50 
and  200-250  ohm  models;  also  high  im¬ 
pedance.  List  price  (subject  to  usual  trade 
discount)  only  $60. 


30-Day  Free  Trial  to  broadcast  stations 
and  recording  studios.  Test  it — compare 
it — in  the  studio  and  on  remote..  No 
obligation.  Send  for  it  now — or  write  for 
Bulletin  165M. 

Shitre  Patents  Pending 


SHURE  BROTHERS 

225  W.  Huron  St.,  Chicago,  U.S.A. 


I  lowable  shift  in  center  frequency  of  i 
I  the  transmitter  is  rt=4  kc  at  43  Me. 

I  This  eliminates  the  possibility  of 
j  temperature  compensation  of  a  re¬ 
ceiver  designed  for  30  kc  swing,  be¬ 
cause  an  8  kc  shift  is  26  per  cent  of 
the  total  swing  without  the  drift  of 
the  receiver  itself.  While  automatic 
frequency  control  might  be  em- 
i  ployed,  this  materially  increases  the 
cost  of  the  receiver  to  the  buying 
public.  Furthermore,  the  effects  of 
extreme  noi.ses  such  as  diathermy 
I  which  would  operate  the  afe  might 
I  prove  very  unsatisfactory  on  weaker 
signals  because  of  the  particular 
j  character  of  diathermy.  The  effect  j 
would  probably  act  to  “wobble”  the 
oscillator  frequency  of  the  receiver 
for  some  signal  strengths.  The  re¬ 
ceiver  designed  for  swing  of  60  kc 
could  probably  be  temperature  com¬ 
pensated  satisfactorily.  It  is  to  be 
noted  here  that  the  oscillator  drift 
will  vary  with  the  amount  of  heat 
present  in  the  receiver,  the  construc- 
I  tion  of  the  cabinet  and  the  variable 
,  elements  not  under  control  of  the 
I  manufacturer,  such  as  proximity  to 
i  a  wall,  radiator,  etc.  Thus,  it  can 
be  seen  that  for  practical  operation 
;  for  satisfactory  public  acceptance, 
a  wide  band  is  very  desirable. 

In  conclusion,  the  results  of  the 
;  measurements  taken  on  these  re- 
i  ceivers,  especially  designed  for  the 
.  various  transmitter  swings,  point 
out  that  signal-noise  ratios  of  the 
I  order  of  30  to  35  db  are  not  good 
enough  w’hen  all  external  noises  are 
eliminated  and  the  frequency  range 
is  extended  to  10,000  cps  and  above. 
The  transmitter  swing  of  150  kc  and 
measured  signal  noise  ratio  of  62 
db  still  leaves  much  room  for  im¬ 
provement  of  transmitter  noise,  re-  ; 
ceiver  noise  at  low  field  strengths,  | 
(better  limiting  circuits)  and  studio  ! 
amplifiers  and  microphones.  Any  | 
system  of  less  swing  than  150  kc 
sacrifices  the  possibility  of  quiet 
operation  over  the  frequency  range, 
extended  to  10,000  cps  and  beyond 
in  this  system,  since  improvements 
at  the  transmitter  and  studios  al¬ 
ways  leave  the  margin  of  the  advan¬ 
tage  of  the  150-kc  swing  over  lower 
swing  systems. 

The  results  of  two  frequencies  op¬ 
erated  on  the  same  channel  show  the 
superiority  of  the  150-kc  swing  over 
all  other  systems  of  narrower  bands. 
This  also  holds  for  the  results  of  sta- 
I  tions  which  operate  on  adjacent  ! 
I  channels.  i 


RELAYS! 
by  ST  AGO 


TYPE  RBA-1:  IIOv.  AC — SPST  (double  bre>jkj 
— 3  16"  pure  iilver  contacti—larqe  contact 
spacing — Bakellte  insulation — screw  terminals 
— ball  bearing  pivot — compact— $1 .6S  list. 


If  your  relay  applications  Include: 

•  RADIO  FREQUENCY 

•  SOLENOID 

•  HIGH  VOLTAGE 

•  BURGLAR  ALARM 

•  MERCURY  SWITCH 

•  PHOTO  ELECTRIC 

•  CALL  SYSTEMS  i 

•  TIME  DELAY  ' 

•  PIN  BALL 

•  MODEL  TRAINS  ETC. 

•  GENERAL  CONTROLS 

•  ALL  OTHERS 

Write  or  Wire  tor  data  and  prices 

STANDARD  ELECTRICAL  PRDDUCTS  CD.  j 

318  Sibley  St.  St.  Paul,  Minn. 


SENSITIVE  ELECTRONIC 
AC  VOLTMETER 

MOOIL  300 


10  to  100,000  cycles 
Range  .001  to  100  volts  r.m.s. 
Logarithmic  voltage  scale 
A-C  operation,  115  volts  60  cycles 
Accurate  and  stable  calibration 
New  principle  of  operation 

Write  for  Bulletin  2G  for  complete  djrs 

Ballanline  Lalioralories,  liic. 

BOONTON  NEW  JERSEY 
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#  riic  roinhinution  of  high  ten* 
8ile  strength  that  assures  a  last¬ 
ing  hoinh  aiul  faster,  eleaner 
work  made  possible  hy  quick- 
aeting  flux  of  pure  water  white 
rosin,  has  given  (iardiner  Kosin- 
('.ore  Solders  an  outstanding 
reputation  for  effieieney  and  eco- 
mmiy  on  radio  work  hy  expert 
or  amateur.  Yet.  tiue  to  modern 
produetion  methods  and  hig 
sales,  (iardiner  Solders  eost  less 
than  even  ordinary  kinds.  Made 
in  various  alloys  ami  eore  sizes 
.  .  .  ami  in  gauges  as  small  as 
1  32  of  an  ineh  ...  in  1,  5  and 
20  11).  spoolB. 


4889  S.  Campbell  Avenue  Chicago,  III. 


THE  SOLUTION  TO  VIBRATION 
MEASUREMENTS 

*  Th*  Modal  11  will  indicata  Tibrationa 
from  .0001"  to  1"  on  a  diractly  calibratad 
nina  inch  malar. 

*  Fraquancy  oi  Tibrotion  will  not  aiiact 
readings. 

*  Pickup  can  ba  uaad  in  any  position,  no 
prassura  raquirad. 

Easy  to  oparata,  ona  control  salads  tbs 
lour  ranqas. 

Simpli/ies  design  and  production  cbeck- 
inq  oi  any  product  with  moving  parts. 

Write  lor  Bulletin  7S-A 

TELEVISO 

Products,  Inc. 

1135  No.  Cicoro  Avo. 
CHICAGO.  U.  S.  A. 


I* A  Cataloi;.  Hundreds  of  items  such 
as  PA  systems,  amplifiers,  tuners, 
microphones,  speakers,  record  players 
and  accessories  are  included  in  a  new 
catalog  released  by  Terminal  Radio 
('orp.,  G8  West  45th  St.,  New  York 
City. 

Klectric  Soldering  Irons.  Catalog  No. 

100  combines  jirevious  separate  sheets 
on  screw  tip  irons,  plug  tip  irons  and 
tip  service  plus  some  new  additions. 
Ilexacon  Electric  (’o.,  151  W.  Clay 
.\ve.,  Roselle  Park,  N.  .1. 

i 

Standardized  Bearings.  .A  nicely  in¬ 
dexed  Gl-page  b(M)k,  catalog  No.  40, 
gives  information  on  cast  bronze  and 
sleeve  type  bearings.  The  Hunting 
Brass  &  Bronze  Co.,  Toledo,  Ohio. 

Test  Kguipment.  In  this  new'  edition  | 
of  a  catalog  (No.  122)  on  test  equip-  i 
ment,  several  new  test  instruments  are 
included.  Radio  City  Products,  S8  Park 
Place,  New  York  City. 

.Amplifiers.  Two  bulletins  are  avail-  ! 
able  on  amplifiers.  The  first  deals  with 
a  push-pull  Class  .A  10  and  20  watt 
amplifier,  while  the  second  tells  about  | 
a  20  watt  all  push-pull  direct  coupled 
amplifier.  Both  of  these  pamphlets  are 
available  from  Amplifier  Co.,  of  .Amer-  , 
ica,  17  West  20th  St.,  New  A'ork  City. 

Radio  Service  Encyclopedia.  “Half- 
Wave  and  Doubler  Power  Supply 
'  .Systems”  is  the  subject  treated  in  | 
.Supplement  No.  6  to  the  3rd  edition  of  [ 
•Mallory- A'axley  Radio  Service  Ency-  i 
clopedia,  of  P.  R.  Mallory  &  Co.,  ! 
Indianapolis,  Ind.  ' 

Springs  and  Stampings.  Spring  and 
wire  forms,  stampings  and  as.semblies,  | 
are  illustrated  and  described  in  a  4- 
page  bulletin.  Hunter  Pressed  Steel  ! 
Co.,  Lansdale,  Pa. 

Radiotelephone  Equipment..  .  A  folder 
describing  and  illustrating  marine 
radiotelephones  is  available  from  Har-  j 
vey-Wells  Communications  Inc.,  South-  | 
bridge,  Mass. 

Electronics  Products.  Engineering  bul¬ 
letins  are  bound  together  in  one  folder 
for  easy  filing.  The  file  folder  contains 
information  on  an  image  dissector, 
telecine  projector,  telecine  channel, 
master  timer  and  pulse  generator,  mo¬ 
bile  equipment,  and  multiplier  tubes. 
This  file  folder  is  available  from  Farns¬ 
worth  Television  &  Radio  Corp.,  Fort 
Wayne,  Ind.  ! 

Supplement  Sheets.  Raytheon  Produc¬ 
tion  Corp.,  Newton,  Mass.,  announce  a  i 
supplement  to  their  databook,  bringing 
this  publication  up  to  date  with  the 
characteristics  of  73  types  of  recent 
locking  base,  single-ended  metal,  ban¬ 
tam  and  octal  based  tubes. 

Nickel  Alloy  Guide.  A  general  guide 
to  the  uses  and  properties  of  nickel 
and  high  nickel  alloys  is  incorporated 
in  a  new  illustrated  booklet  which  is 
available  from  International  Nickel 
Co.,  67  Wall  St.,  New  Y'ork  City. 


LEHIGH 

VERTICAL 

RADIATORS 


't 

■.it' 


wov 

Another  of  many 
stations  thruout  the 
nation  to  express  con¬ 
fidence  in  Lehigh's 
experience. 
Illustration  shows 
the  new  340'  Lehigh 


LEHIGH  STRUCTURAL  STEEL  CO. 
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RHEOSTATS  RESISTORS  TAP  SWITCHES 


Mass.,  research  engineer  with  the  Gen¬ 
eral  Electric  Co.,  has  been  appointed 
Professor  of  Electrical  Ennineerinf? 
and  head  of  the  department  at  Lehi^rh 
University  .  .  .  The  Essex  Wire  Corp., 
Detroit,  Michiyran,  announced  that  Mr. 
W.  J.  Shea  has  been  elected  Vice  Pres¬ 
ident  and  will  be  in  complete  charge 
of  the  magnet  wire  division  at  h'ort 
Wayne,  Ind.  .  .  .  The  S.  S.  White 
Dental  Mfj;.  Co.,  recently  honored  three 
of  its  employees,  D.  W.  Sprajjue,  C.  E. 
Boyd,  and  W.  H.  Berke,  who  have  each 
recently  completed  sixty  years  of  un¬ 
interrupted  .service  with  that  Company 
.  .  .  Telex  Products  Co.,  Minneapolis, 
Minn.,  has  taken  over  the  Jones-Orme 
Co. 


NewS' 


•f  A  paper  and  an  accompanying  dem¬ 
onstration  were  presented  recently  be¬ 
fore  the  Society  of  Motion  Picture  En¬ 
gineers  in  session  at  Atlantic  City, 
showing  the  very  compact  portable- 
mobile  television  pickup  equipment  of 
the  Du  Mont  Laboratories  .  .  .  F.C.C. 
recently  licensed  Du  Mont  to  construct 
a  new  television  station  in  New  York 
City  .  •  .  Games  Slayter  of  Newark, 

Ohio,  W’ho  made  thread-like  fibers  out 
of  glass  has  been  awarded  an  Edward 
Longstreth  medal  from  the  Franklin 
Institue  for  his  development  of  Fiber- 
glas  .  .  .  United  Cinephone  Corp.  an¬ 
nounces  the  removal  of  their  oftices  and 
plant  from  Long  Island  City,  N.  Y.  to 
Torrington,  Conn.  ...  A  prize  con¬ 
test  open  to  engineers,  physicists,  lab¬ 
oratory  workers,  servicemen,  and 
others,  dealing  with  ne\v  and  practical 
applications  of  the  cathode-ray  tube  and 
allied  equipment,  is  announced  by 
.411en  B.  Du  Mont  Labs.,  Passaic,  N.  J. 

The  contest  extends  from  June  1st 
1940  to  May  31st,  1941  .  .  .  Philco 
Corp.,  Philadelphia,  hei’etofore  a  pri¬ 
vately-owned  corp.  has  amended  the 
articles  of  incorporation  to  clear  the 
way  for  public  ownership  .  .  .  Lt. 

Colonel  Gustavus  Reiniger  who  pio¬ 
neered  network  broadcasting  as  a  star-  Timers  and  Relays.  Bulletin  No.  4071 

salesman  for  National  Broadcasting  announces  a  new’  and  complete  series  of 

Co.  has  joined  Radio  Engineering  automatic  reset  timers  and  time  delay 

Laboratories,  Inc.  as  a  sales-manager  relays  manufactured  by  Paragon  FMec- 

.  .  .  Loyal  V.  Bewley,  of  Pittsfield,  trie  Co.,  37  VV'.  Van  Buren  St.,  Chicago. 


Literature 


Yes — even  under  the  severest  operating 
conditions — Ohmite  units  stay  on  the  job 
— faithfully!  All-porcelain,  vitreous-enamel 
construction  insures  long  life  and  smooth, 
trouble-free  performance!  Time  proved  in 
all  kinds  of  applications.  Ask  Ohmite 
Engineers  about  your  resistance  problem — 
you’ll  be  happy  to  find  that  here  at 
Ohmite  it’s  easy  to  get  exactly  what  you 
need  in  wire-wound  resistors,  close-control 
Rheostats,  and  high-current  Tap  Switches. 


Constant  Groove  Speed.  Catalog  No. 
40  describes  the  method  of  constant 
groove  speed  developed  by  Recordall 
Mfg.  Co.,  2619  Santa  Fe  Ave.,  Los 
Angeles,  Cal.  The  catalog  also  con¬ 
tains  illustrations  and  descriptions  of 
the  various  products  available  from 
Recordall. 


Write  Today  for  Free  Catalog  17, 


OHMITE  MANUFACTURING  COMPANY 

4818  Flournoy  St.  Chicoqo,  U.  S.  A. 


"  progress  j 

U  c-arfaces  readvlV 

conce''Y,etti''e  ^ 


\  These  findings  ot 

practical  value  to  workers  in  ap¬ 
plied  electronics  show  how  adherent  graphite 
films  may  be  readily  formed  on  polished  glass  and  metal 
to  insure  electrical  conductivity,  dry  lubrication,  “gettering” 
and  other  special  properties.  The  July  “Review  of  Scien¬ 
tific  Instruments”  will  carry  the  above  data  in  augmented 
form.  Write  for  Technical  Bulletins  11,  31,  270.  irj  ; 

ACHESON  COLLOIDS  CORPORATION  W® 

PORT  HURON,  MICHIGAN  IjiMtitB 
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KeHistors.  A  10-puge  catalog  contains 
a  performance  chart,  complete  infor¬ 
mation  on  insulated,  non-insulated  and 
wire-wound  resistors,  as  well  as  a  chart 
showing  resistance  values.  Speer  Re-  | 
sistor  Co.,  St.  Marys,  Pa. 

(Iroov-Pin  Text  Kook.  A  16-page  book,  ; 
nicely  bound,  is  devoted  to  describing 
groov-pins  and  drive-studs  of  the 
Groov-Pin  Corp.,  411  Kerrigan  Ave., 
Union  City,  N.  J. 

Airport  Radio  Equipment.  Two  bulle¬ 
tins  are  available  from  Radio  Receptor 
Co.,  251  West  19th  St.,  New  York  City. 
The  first  is  Bulletin  5000  w’hich  de¬ 
scribes  Model  No.  421  u-h-f  airport 
traffic  control  transmitter.  Bulletin  i 
5001  treats  the  subject  of  Series  424  I 
u-h-f  receiver. 


New  Products - 

Speaker  Liiitt) 

A  NEW  LINE  OF  “Dyna-Flux”  compres¬ 
sion  type  permanent  magnet  speaker 
units  to  be  u.sed  in  conjunction  with 
“.Morning  Glory”  reflexed  projectors 
are  available  from  Atlas  Sound  Corp., 
1447  39th  St.,  Brooklyn,  N.  Y.  The 
units  feature  non-corrosive  diaphragms 
which  are  electro-chemically  treated, 
and  heat  treated  for  toughness.  They 
are  fatigue  resistant  and  protected 
agaUist  crystallization  and  shattering. 
The  complete  unit  is  protected  from 
adverse  weather  conditions.  The  power 
ratings  range  from  18  to  20  watts. 
V.  C.  impedance  15  ohms. 


OM’illalor  Coils 

A  NEW  se:rie8  of  “Airwound”  Adjust¬ 
able  Link  Oscillator  and  Buffer  Coils 
has  recently  been  announced  by  Bud 
Radio  Inc.  of  Cleveland,  Ohio.  These 
coils  are  designed  for  use  in  circuits 
where  it  is  desirable  to  adjust  excita¬ 
tion  or  antenna  loading  by  varying  the 
link  coupling. 

F.ach  coil  is  individually  linked,  and 
coupling  is  varied  by  pushing  the  link 
in  or  out  of  the  main  winding.  In  view 
of  the  fact  that  each  coil  has  its  own 
link,  the  coupling  adjustment  for  each 
band  can  be  left  permanently  set  at 
the  proper  value. 

All  coils  in  this  series  fit  standard 
5-pning  sockets  and  are  designed  for 
operation  in  stages  where  the  input 
power  does  not  exceed  50  watts.  Coils 
are  available  for  all  amateur  bands. 


.FERRIS 


THE  SYMBOL 


DEPENDABILITY 


’MICROVOLTERS 

STANDARD  SIGNAL  GENERATORS 
RADIO  NOISE  METERS 

For  Reiearch,  Design,  Development,  Production  Testing,  Servicing 

CATALOGS  WILL  BE  FURNISHED  UPON  REQUEST 

FERRIS  INSTRUMENT  CORPORATION 

BOONTON  r.iepiione— >00.(0.  e-07ti  NEW  JERSEY 


*Req.  U,  S.  Pat.  Oft. 


PfUMANeNT  MAGNWrS 

\  ALL  SHAPES  —  ALL  SIZES 

amk  \  FOR  ALL  PURPOSES 

\  Stamped,  Formed,  and  Cast;  Chrome,  Tung- 
\  sten.  Cobalt  and  ALNICO**  (cast  or  sin- 
X  \  tered)  under  S.  E.  license. 

\  THOMAS  &  SKINNER 

.  \  STEEL  PRODUCTS  COMPANY 

1 1  It  E.  23rd  STREET  INDIANAPOLIS,  INDIANA 

Laminations  for  Radio  Transformers  —  Tools 
Dies  —  Heat  Treating  —  Stampings 

=  39  YEARS  EXPERIENCE^= 


NEW  SUPER  HI-POWER  GENEMOTOR 

for  Heavy  Duty  Service 

Sets  a  new  high  standard  for  Power  Units  used  on  Marine, 
Police,  and  Aircraft  Radio.  The  exceptional  Hi  Effi¬ 
ciency,  small  size,  and  light  weight  are  the  result  of  a 
new  type,  one  piece  field  ring,  and  armature  design. 
Grease  packed  ball  bearings  require  no  oiling  or  atten¬ 
tion.  Double  enamel  and  silk  wire  on  armature  insure 
trouble-free  operation;  end  dust  cover  removable.  Made 
in  two  sizes,  150  and  225  watt  output,  up  to  1000  volts, 
^  input  5.5  volt  and  up. 

tt,  Waighi  1 3>A  Ibt.  There  is  a  Carter  Genemotor  or  Converter  for  every 

),4'A''Wid*,5"High  requirement.  Write  for  further  information 

CHARTER  M^TOR  £0. 


1606  MILWAUKEE  AVENUE 


CHICAGO,  ILLINOIS 
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Resistors.  Bulletin  122-M  is  devoted  to 
a  detailed  discussion  of  the  electrical 
and  mechanical  specifications  of  the 
various  standard  and  special  non-in¬ 
ductive,  wire-wound,  accurate  resistors 
available  from  Shallcross  Mfp:.  Co., 
Collingdale,  Pa. 

Weston  Bulletins.  The  following  litera¬ 
ture  is  available  from  Weston  Electri¬ 
cal  Instrument  Corp.,  Newark,  N.  J.: 
Model  787  is  described  in  detail  in  “Ul¬ 
tra  High  Frequency  Oscillator  and  As¬ 
sociated  Equipment”  for  television, 
police,  aircraft,  utility,  and  amateur 
radios;  Catalog  T-ll-B  deals  with  tem¬ 
perature  gauges  for  different  uses; 
“Power  Level  Indicators”,  DB  meters; 
“Technical  Data  on  Photoelectric  Cells”; 
Model  776  Oscillator;  Model  791  Port¬ 
able  Dry  Battery  Tester;  Model  767 
Filatrol  Tubechecker;  Photoelectric 
Potentiometer  Model  721;  Model  639, 
Type  2,  Industrial  Analyzer;  All  metal 
laboratory  thermometer;  Multi-range, 
multi-purpose  test  instruments  for  in¬ 
dustry,  laboratory  and  school;  and 
“Tools  for  Better  Seeing”  which  in-  ! 
eludes  illumination  meters  and  foot- 
candle  meters. 

I 

BM^E'le^rKfwtfc  !  R^sistors  and  Rheostats.  Catalog  No. 
shown  actual  size.  I  40  contains  information  on  resistors  ^ 
Note  compactness.  |  rheostats  manufactured  by  Hard-  ' 
,  wick-Hindle  Inc.,  Newark,  N.  J. 


New  and  Better  j 
PRONG-BASE  I 
ELEGTROLYTIGS  | 

•  AEROVOX  takes  particular  pride  in  pre¬ 
senting  its  new  Series  AF  electrolytics.  ! 
Similar  in  appearance  and  purpose  j 
to  conventional  prong-base  electrolytics.  { 
these  AF  units  incorporate  several  vital 
improvements,  such  as: 

•  Square  can  shoulder  instead  oi  usual  30° 
sloped  shoulder.  Result,  cap  or  pluq  rests 
solidly  in  place.  No  danqer  oi  sheorinq 
cathode  tab. 

•  In  place  oi  usual  two  bakelite  discs  sepa¬ 
rate  by  sheet  oi  ilat  rubber,  AP  construc¬ 
tion  utilises  cup-shaped  molded  soit-rubber 
disc  in  which  iits  bakelite  disc.  Luqs  eye- 
letted  to  bakelite  disc. 

•  Cup^oped  rubber  disc  has  slotted  pro¬ 
trusions  or  sleeves  throuqh  which  pass 
anode  or  positive  tabs  which,  beyond  bend 
inside  oi  sleeves,  Join  with  solderinq  luq. 
No  leakaqe  oi  ele^rolyte.  A  positive,  soit- 
rubber  seal. 

•  No  danqer  oi  bakelite  corrosive  eifects  since 
rubber  sleeves  prevent  bakelite  contactinq 
slot  walls  in  bakelite  disc. 

•  Positive  pin-hole  vent  iiutantly  responds  to 
excessive  qas  pressures,  yet  normally  seli- 
closinq. 

Write  for  DATA  .  .  . 

•  Complete  technical  details  reqardinq  thii 
AP  construction,  sent  on  request;  also 
samples  and  quotations  to  responsible 
parties.  Get  the  iocts! 


IN  CANADA:  AEROVOX  CANADA.  Limiwd  Hamilton.  Onl. 


Test  Instruments.  The  1940  Catalog  I 
No.  122  of  Radio  City  Products  Co.,  88  | 
Park  Place,  New  York  City,  includes  | 
descriptive  information  on  15  test  in-  j 
struments  manufactured  by  them.  j 

Transformers.  Such  information  as  j 
“T”  line  components;  “T”  line,  broad-  j 
cast  and  industrial,  and  portable  broad-  ; 
cast  transformers;  radio  range  filters;  j 
and  “A”  line  transformers,  as  well  as  i 
decibel  charts,  etc.,  are  included  in  a 
bulletin  available  from  Kenyon  Trans¬ 
former  Co.,  840  Barry  St.,  New  York 
City. 

Telephones  and  Equipment.  Various 
types  of  voice  powered  telephones  and 
equipment  are  included  in  a  catalog  is¬ 
sued  by  United  States  Instrument 
Corp.,  19  S.  Harrison  St.,  East  Orange, 
N.  J. 

1940  Catalog.  A  new  catalog  of  tech¬ 
nical  and  scientific  books  published  by 
Chemical  Publishing  Co.,  146  Lafayette 
St.,  New  York  City,  is  available  from 
them. 

Vibrator  Power  Supplies.  Supplement  ' 
No.  7  to  the  3rd  edition  of  Mallory-  j 
Yaxley  Radio  Service  Encyclopedia,  In-  j 
dianapolis,  Ind.,  includes  general  theory 
of  vibrators,  history  and  design,  etc. 

Relays.  Bulletin  No.  250-1940  describes 
1.5  watt  input — 2000  watt  output  re¬ 
lay  No.  25  for  medium  contact  load, 
low  power  input,  ruggedness,  and  com¬ 
pactness.  It  is  available  from  Kurman 
Electric  Co.,  241  Lafayette  St.,  New 
York  City. 


Complete  UHF  Mobile  Installation 

TWO-WAY 

POLICE 

RADIOTELEPHONE 

W  8  AND  20  WATT  TRANSMITTERS 

*  CRYSTAL  CONTROLLED  RECEIVER  WITH 
SQUELCH  CIRCUIT  AND  NOISE  SILENCER 

■k  RUGGED  AND  ECONOMICAL  DESIGN 
if  OUTSTANDING  PERFORMANCE 
Write  tor  complete  technical  speci/ications 

KAAR  ENGINEERING  CO. 

PALO  ALTO.  CALIFORNIA 

Manufacturers  of  Hiqh-Grade  Marine  and 
Police  Radiotelephone  Equipment 


This  new  "Locking  Acorn  Socket"  with  pof- 
*  tive  locking  contacts  and  "Iso-Q”  insula 
tion,  Is  the  last  word  in  sockets.  With  its  new 
contact  design,  this  socket  can  be  mounted  in 
any  position  without  danger  of  the  tube  b'- 
comlng  loose.  It  is  ideal  for  portable  equip¬ 
ment.  The  silver  plated  Berrylllum  contacts 
are  firmly  anchored  In  the  base  so  that  they 
can  not  shift.  Each  socket  has  a  copper  shield 
to  complete  the  Internal  tube  shielding. 

WRITE  DEPr.  EL  FOR  DETAILS 


H  VMMAHLIM)  MFCL  .CO..  Inc. 

121  VI  .  .llr.l  .SI  ..  \.  V.  CUV 


102 


June  1940  —  ELECTRONKS 


Dependable 

ONAN 
ELECTRIC 
PLANTS 


COMPLETE  ONAN  PLANTS 
STEP  IN—  TAKE  OVER— 

Supply  you  with  E.norqancy  Current 
Djr.nq  Power  Shut  Downs. 


Operate  anything  electrical. 

IDEAL  for  PORTABLE  INSTALLATIONS 
in  Newt  Pick  up  and  Advertising  Can. 


COMPLETELY  SHIELDED 
HIGHEST  QUALITY— HEAVY  DUTY 

OVER  40  STOCK  MODELS 

3S0  to  50.000  watts 
ANY  VOLTAGE— ANY  FREQUENCY 
Write  lor  Complete  Data 

D.  W.  ONAN  &  SONS 

327  Royalston  Ave.,  Minneapolis,  Minn. 


Kereivinfj  Tubes 

Raytheon  I’koduotion  Corp.,  have 
added  several  new  tube  types  to  their 
receiving  tube  line,  as  follows: 

1I)8GT  is  a  1.4-volt  battery  type  with 
the  bantam  construction.  This  tube  has 
a  diode,  a  triode  and  pentode  to  per¬ 
form  the  functions  of  detector,  audio 
amplifier  and  power  output  stage. 

I  fiAB5  fiN'T)  replaces  the  type  6AB5 
ami  fiN").  A  T-b  bulb  is  used  and  the 
electrical  characteristics  have  been  de¬ 
signed  to  retain  the  sensitivity  of  the 
fi.-XBf)  together  with  the  e.xtended  cut- 
otr  of  the  <5X5. 

<)ALG(I  is  a  fi.3  volt  type  designed 
for  use  as  an  amplifier  in  television 
receivers.  The  characteristics  are 
similar  to  those  of  a  GLGG  but  the 
plate  lead  is  brought  out  to  a  top  cap 
to  allow  a  high  momentary  peak  voltage 
rating. 

7H7  is  a  high  mutual  conductance 
pentode  w’hich  has  been  designed  to 
have  as  wide  a  cutoff  as  is  consistent 
with  a  good  ratio  of  ff„  to  plate  cur¬ 
rent.  This  tube  has  a  2.0  w'att  cathode 
in  place  of  the  usual  3.0  watt  cathode 
used  in  other  high  g„  amplifier  tubes 
and  hence  may  be  used  in  series  with 
other  2.0  watt  cathodes.  This  new  type 
will  find  application  in  untuned  r-f 
circuits,  wide  band,  high  frequency 
amplifiers  and  other  e<iuipment  where 
the  high  y,„  characteristics  are  de¬ 
sirable. 

3.'>Zr)G  is  a  twin  diode  rectifier  de¬ 
signed  for  use  in  voltage  doubler  cir¬ 
cuits  in  ac-dc  receivers.  It  is  charac¬ 
terized  by  a  plate  current  rating  of 
110  ma  which  is  somewhat  higher  than 
similar  ratings  for  other  voltage 
doublers  such  as  the  25Zr)G. 

fiOrOG  is  a  .'>0  volt  power  amplifier 
with  characteristics  like  those  of  the 
GYOG.  The  high  heater  voltage  makes 
this  tube  very  suitable  for  use  in 
ac-dc  receivers. 

70L7GT  is  a  dual  section  tube  con¬ 
taining  a  half  wave  rectifier  and  a 
beam  power  amplifier. 

Cftiiiiiiiiiiicatioiis  Reoeivfr 

Model  RMK-bO,  of  Radio  Mfg.  Engi¬ 
neers,  Peoria,  Ill.,  is  a  12  tube  receiver 
with  high  frequency  tuning.  .Among  its 
outstanding  features  are  a  G-position 
variable  crystal  selectivity  control,  a 
voltage  regulator  tube,  wide  spaced 
tuning  condenser  for  stability,  cali¬ 
brated  band  spread  dial  for  each  of 
the  amateur  bands  from  10  to  80 
meters  inclusive,  use  of  the  high  effi¬ 
ciency  loktal  tubes,  and  an  automatic 
noise  limiter  with  a  manual  adjustment 
for  added  convenience  in  operation. 
The  frequency  coverage  of  this  unit 
includes  all  channels  from  .filO  to  33,000 
kc  with  a  nearly  uniform  sensitivity. 

I’orluhle  Priiilrr 

The  Elpro  Portable  Printer,  sold  by 
,  the  Ozalid  Corporation,  .Johnson  City, 
'  New  York,  has  been  developed  for  ap¬ 
plications  where  occasional  prints  are 
required.  It  will  make  positive  type  re- 


A  Hallicrafters  Ra¬ 
diophone  gives  de¬ 
pendable  service 
from  any  boat  to 
every  telephone  in 
the  world.  There  is 


a  model  exactly  fitting  your  re- 
c|uirements. 


so  VC'ATT  (Model  MT-12).  Seagoing  range. 
10  frequency  tranNmitter.  10  frequency  re¬ 
ceiver.  Both 
crystal  con¬ 
trolled.  Sep¬ 
arate  power 
supply  for 
no,  32  »)r  12 
volts.  Dimen¬ 
sions  20j  X  19J 
X  12.  Bulk 
head  or  table 
mounting. 

HZ-y  W  ATT  (Model 
HT-8).  Cruising 
range.  5  frequency- 
transmitter  (crystal 
ceintrolled).  6  fre¬ 
quency  receiver. 
15  X  18  X  10. 


12  W  ATT  (Model  HT-11).  Lenal 
range.  3  frequency  transmitter.  2 
band  receiver  (Marine  and  Broadcast). 

13  X  8}  X  9. 


t  liallicrar'i'er 


nc. 


CHICAGO.  U.  S.  A. 


USED  BY  33  GOVERNMENTS 
—SOLD  IN  89  COUNTRIES 


lor. 


ei.kci'ronics  19  m 


i 


\ 


J/ 


X'  atten 


fr>- 


production 

testing 

the  Model  14  is  tried  and  proven 

♦  Maximum  economy 

♦  Maximum  dependability 

♦  10  frequencies  as  selected 

♦  Variable  air  condenser  for  each 
frequency 

♦  Range  100  k.  c.  thru  F-M  band 

Additional  information  on  this 
and  other  Signal  Generators  on 
request. 

Monarch  manufacturing  co. 

3341  Belmont  Ave.  Chicago,  III. 

CabI*  Addrats  "MONMACO" 


New 
Price 
Si. 00 


Second 

Printing 


Acclaimed 

The  Industry’s  Much 
Needed  Recorder’s  Aid. . 
A  Gamble  Publication 

218  S.  Wabash  Chicago 
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Plii^-Iii  Eleetrolylics 

Plug-in  electrolytics  are  now  avail¬ 
able  from  Aerovox  Corp.  of  New  Bed¬ 
ford,  Mass.,  to  designers,  manufac¬ 
turers,  servicemen,  and  operators  of 
radio  and  electronic  etjuipment.  The 
condensers  are  changed  with  the  ease 
and  speed  of  radio  tubes  or  vibrators 
and  permit  instant  removal  without 
tools  or  trouble  for  testing  and  replace¬ 
ment. 

Oseillo^rapli 

Improvements  and  ref/nements  have 
been  worked  into  the  latest  Type  -')8 
oscillograph  announced  by  Allen  B. 
Du  Mont  Labs.,  Passaic,  N.  J.  The 
new  construction  permits  short,  low- 
capacity,  low-impedance  leads  betwi  on 
all  circuits.  The  instrument  is  suppl  ed 
with  an  intensifier-type  cathode-iuy 
tube  utilizing  electrostatic  focusing  and 
orthogonal  electrodynamic  deflect'  >n. 
Unusually  high-gain  amplifiers  h.ive 
been  provided  for  deflection  on  b  th 
horizontal  and  vertical  axes,  whil*  a 
gas-discharge  type  relaxation  oscillator 
provides  a  sweep  circuit  for  the  deline¬ 
ation  of  unknown  signals  as  a  linear 
function  of  time. 
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Kadio  Noi^e 

Type  312,  an  instrument  for  the  ac- 
lurate  measurement  of  radio  noise  and 
interference  was  developed  by  R('A 
Mfp.  Co.,  Camden,  N.  J.,  as  a  result 
(d’  recommendations  of  a  joint  com¬ 
mittee  from  the  Edison  Electrical  In¬ 
stitute,  the  K..M.A.,  and  the  N.E.M..A. 

*  Built  both  for  service  in  the  field  and 
in  the  laboratory,  its  principal  uses 
include  measurinj;  the  noise  levels  of 
transmission  lines,  electrical  api>aratus, 
and  field  strength  of  radio  si>rnals  in 
coinparis*)!!  with  noise  levels.  When 
cnuipped  with  a  directive  bM>p  antenna, 
it  indicates  the  direction  of  sinnals  and 
interferinj;  noises. 


Kiiaiiiol 

A  KECE.NT  DEVEI.OPME.NT  by  the  chemists 
of  Sherwin-Williams  Co.,  of  Cleveland, 
is  the  new  enamel  called  Kem  Bako- 
lescent  in  the  iridescent  form,  and  Kem 
I’lastite  in  solid  colors.  This  new 
enamel  can  be  dipped  or  sprayed  tin 
plastic  parts  and  can  combine  any  color 
of  the  rainlKiw  with  an  extraordinarily 
lon^'-wearinK  surface.  One  sujjtjested 
use  is  in  electrical  wiring  devices.  The 
new  finish  makes  it  possible  to  coat 
cheap  black  plastic  materials  with 
beautiful  iridescent  colors. 
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Porluhle  Receiver 

Lear  .Avia  Inc.  (I.earadio),  Roosevelt 
Field,  Mineola,  L.  I.,  have  introduced 
the  Tri-I*owr  portable  receiver,  featur¬ 
ing  choice  of  a-c,  d-c  or  battery  oper¬ 
ation  by  merely  flipping  a  switch.  It 
is  a  portable  receiver  which  can  be  used 
indefinitely  indoors  without  the  penalty 
of  battery  loss.  The  Tri-Powr  can  be 
used  in  the  air  or  out-of-doors  on  its 
own  batteries,  or  on  any  ordinary  elec¬ 
trical  outlet  without  the  slightest  bat¬ 
tery  wear.  Other  features  of  this  re¬ 
ceiver  are:  radio-range  plus  commercial 
broadcast  reception,  phone  jack  for  use 
on  air-craft  band,  external  terminal  for 
connecting  aircraft  antenna,  battery 
life  of  200  hours  or  more,  weight  of  only 
12i  pounds  complete. 

Np>»  Midget  Relay 

Of  particular  interest  where  size  and 
cost  are  important  factors  is  the  new 
midget  relay  developed  hy  Advance 
Electric  Co.,  1260  West  2nd  St.,  Los 
Angeles,  Cal.  The  relay  measures  lixj 
inches  and  weighs  2  ounces.  Available 
for  a-c  and  d-c  operations;  requires  0.10 
watts  for  positive  service;  and  will  dis¬ 
sipate  2  watts  without  danger. 
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Where  SPACE  and  WEIGHT 

are  problems 


BUD  “TINY  MITE"  CONDENSERS 

— The  Solution 

This  series  of  compact  condensers  is 
ideally  suited  for  the  crowded  de¬ 
signs  required  in  many  types  of  small 
transmitter  installations.  Alsimaq  196 
insulation,  soldered  and  plated  rotor 
and  stator  assemblies,  positive  rotor 
contacts  and  other  construction  fea¬ 
tures  assure  dependable  operation 
indefinitely. 

Availoble  in  four  types:  Balancing. 
Padder,  Dual  Section  ond  Single 
Section. 


Inquiries  welcomed  concerning  all  types  of  variable  condenser  requirements.  Complete 
information  regarding  the  comprehensive  BUD  line  of  condensers  gladly  sent  on  request. 


’The  DECADE  BOX 


Covers  resistance  range 
oi  1  ohm  to  999,999 
ohms,  up  to  1000  v. 
max.  ^ 

Each  decade  dissipates 
up  to  225  watts.  Green- 
o  h  m  s  (wire  -  wound 
cement  -  coated  power 
resistors)  used  through¬ 
out.  Glass  -  insulated 
wiring.  ^ 

Six  decade  switches  on 
sloping  front  panel. 

★ 

Max.  current  per  dec¬ 
ade:  No.  1,  5  amp.; 
No.  2,  1.5  amp.;  No. 
3,  .5  amp.;  No.  4,  .15 


amp.;  No.  5,  .05  amp.; 
No.  6,  .005  amp. 

★ 

Handsome  frosted-gray 
metal  case.  Etched 
black  and  aluminum 
panel.  Dual  input  bind¬ 
ing  posts,  for  left  and 
right  hand  duty. 

★ 

Grille  at  bottom  and 
louvres  at  side  for 
adeguate  ventilation. 
Baffle  plate  protects 
switch  mechanism  from 
heat.  ^ 

Measures  13"  long  x 
8  Ur"  deep  x  53/^"  high. 
Weighs  1 1  lbs. 


•jf  From  "The  House  oi  Resistors"  comes  the  very  thing  you 
laboratory  workers  and  engineers  have  been  waiting  for — the 
Clarostat  Power  Resistor  Decade  Box.  Handles  real  power. 
Simplifies  and  expedites  selection  oi  correct  resistance  values 
for  any  circuit  or  working  condition.  A  handsome  instrument 
truly  worthy  of  a  place  in  every  well-equipped  laboratory  or 
engineering  department.  Write  for  descriptive  literature. 


RO  S T 0  ^yHiuu^ajcluki/t^  Co. , 


285-2B7  VOIXTH  <»IXTH  STIXffCT 

Bnoomv/x/,  j\f£iv  ronn,  v. s.4. 


pfmnCipAl  Cities 


107 


BLILEY 

CRYSTALS 


HOLDERS 

OVENS 


ONLY  carefully  selected  Brazilian 
Quartz  is  used  in  the  manufacture 
of  Bliley  General  Communication  Fre¬ 
quency  Crystals.  As  each  individual 
crystal  passes  through  its  various  proc¬ 
essing  operations,  many  optical,  me¬ 
chanical  and  electrical  examinations 
are  applied  to  insure  the  highest  possi¬ 
ble  standards  of  precision  and  quality. 

So  that  proper  characteristics  and 
frequency  accuracy  can  be  guaranteed, 
each  crystal  is  finally  checked  and  cali¬ 
brated  in  the  holder  in  which  it  will 
operate.  Bliley  crystal  holders  and 
oven  mountings  are  engineered  partic¬ 
ularly  for  dependable  performance  of 
Bliley  Crystals  from  20kc.  to  30mc. 
Various  types  are  available  to  suit  fre¬ 
quency  control  requirements  through¬ 
out  the  complete  crystal  frequency 
range. 

A  competent  engineering  staff  is 
maintained  for  product  research  and 
development.  Recommendations  and 
quotations  covering  quartz  crystals  for 
any  standard  or  special  applications 
will  gladly  be  extended  without  obli¬ 
gation.  Write  for  catalog  G-10  describ¬ 
ing  Bliley  General  Communication 
Frequency  Crystals. 


BLILEY  ELECTRIC  CO. 

UNION  STATION  BUILDING  ERIE,  PA. 


productions  in  sizes  up  to  12x18  inches 
of  engineering  drawings,  maps,  letters, 
reports,  and  in  fact  any  pencil  or  ink 
lines,  typewritten  or  printed  matter  ap¬ 
pearing  on  one  side  of  a  reasonably 
translucent  material.  Exposure  is  made 
by  six  specially  designed  lamps  with  a 
total  of  800  watts.  This  equipment  op¬ 
erates  on  110  volts  ac  or  dc,  and  is 
portable.  A  time  release  switch  allows 
the  operator  to  regulate  exposure  auto¬ 
matically. 

Variaos  For  Three-Phase 
Operation 

General  Radio,  (Cambridge,  Masj.,) 
Type  50  Variacs,  5  kw  size,  can  now 
be  provided  in  2-  and  3-gang  combina¬ 
tions  for  use  on  three-phase  circuits, 
and  with  current  equalizing  chokes 
for  parallel  operation  on  single-pha.se 
circuits. 

Both  115-  and  230-volt  models  are 
available.  The  230  volt,  3  gang,  unit 
can  be  used  in  the  wye  connection  on 
560  volt  circuits  to  obtain  continuou.sly 
variable  output  voltages  from  0  to  560 
volts  with  a  maximum  output  of  30 
kva.  Because  the  Variac  is  an  auto¬ 
transformer,  internal  power  losses  are 
negligible. 

General  Radio  also  announces  the 
Type  759-B  Sound-Level  Meter,  an  im¬ 
proved  model  of  the  older  Type  759-A. 
The  new  instrument  meets  the  stand¬ 
ard  specifications  for  sound-level  meters 
as  adopted  by  the  ASA  and  various 
engineering  societies.  It  is  suitable  for 
use  in  noise  surveys,  and  for  measuring 
the  noise  generated  by  machines  and 
appliances. 


Antenna 

Radex  Corp.  announces  a  new  shielded 
loop  antenna  which  can  be  used  in  con¬ 
junction  with  any  test  o.scillator  or 
signal  generator,  to  align  loop  antenna 
radio  receivers.  The  unit  is  complete 
with  dummy  antenna  and  shielded  gen¬ 
erator  leads,  housed  in  an  attractive 
chromium  plated  shield  and  black 
crackle  finished  base.  Radex  Corp.  is 
now  located  in  new  and  larger  quar¬ 
ters  at  1733  N.  Milwaukee  Ave.,  Chi¬ 
cago. 


Loudspeaker  (]oiie 

A  NEW  TYPE  OF  “ACCORDION  EDC.E” 
loudspeaker,  7  ins.  in  diameter,  has 
been  perfected  by  RCA  Mfg.  Co.,  ('am- 
den,  N.  J.  to  reproduce  low  fre(iuencies 
with  good  fidelity.  The  instrument 
(Model  MI-6233)  has  a  frequency  re¬ 
sponse  of  from  80  to  7,000  cycles.  The 
accordion  design  permits  the  cone  to 
move  more  freely  when  driven  by  a 
permanent  magnet  speaker  mechanism, 
and  increases  the  lower  reproduction 
range  by  at  least  one  octave. 


.Acorn  Socket 

A  NEW  SOCKET  FOR  ACORN  tubes  which 
really  clamps  the  tube  in  place  so  that 
it  cannot  work  loose  is  available  from 
Hammarlund  Mfg.,  Co.,  424  West  33 
St.,  New  York  City. 

Contacts  are  silver  plated  beryllium, 
provided  with  grooves  so  that  the  tube 
snaps  into  place,  permitting  the  socket 
to  be  mounted  in  any  position.  The 
socket  has  a  metal  shield  which,  when 
used  with  the  pentode  type  acorn  tube, 
completes  the  internal  shielding  of  the 
tube  and  thus  greatly  reduces  coupling 
between  input  and  output  circuits.  The 
base  is  made  of  “Lso-Q”,  providing  ex¬ 
ceptionally  low  losses  with  improved 
power  factor. 

The  UHS-900  has  an  overall  base 
diameter  of  1  9/16  inch  with  1  3'!'’- 
inch  mounting  centers. 

Relay 

New  Dunco  type  S  sensitive  relays, 
designed  for  exacting  applications 
where  a  high  degree  of  sensitivity 
must  be  coupled  with  high-speed,  low- 
power  operation,  have  been  announced 
by  Struthers  Dunn,  Inc.,  1315  Cherry 
Street,  Philadelphia. 

The  relays  operate  on  only  O.Oi'H 
watts,  dc;  or  0.10  volt-amperes  at  *''0 
cycles  ac,  and  will  operate  on  as  lew 
as  J  of  rated  power  where  reduced  con¬ 
tact  pressure  is  permissible. 

Types  are  available,  (1)  having  con¬ 
tacts  separate  from  coil  circuit  for  gen¬ 
eral  applications  and  (2)  with  contacts 
interconnected  with  the  coil  circuit  for 
use  with  contact-equipped  galvano¬ 
meters  or  sensitive  mercurial  thermo¬ 
stats. 
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INTERNATIONAL  ELECTRONICS,  INC. 

DESIGN  AND  DCVELDPMENT 
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manufacturing  methods 
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interior  of  the  sound  cell  with  the  I 
external  air  so  as  to  permit  equaliza¬ 
tion  of  pressure  for  operation  of  the  I 
ear  at  reduced  pressures.  This  novel  i 
feature  is  useful  for  testing  aircraft  j 
telephone  receivers  when  it  is  de-  j 
sired  to  simulate  the  pre.ssure  and  j 
density  conditions  obtaining  at  hi^h  ; 
altitudes.  The  size  of  the  duct  is 
chosen  .so  that  its  pre.sence  does  not 
in  any  way  affect  the  acoustical  per¬ 
formance  of  the  sound  cell.  A  sim¬ 
ilar  duct  is  provided  in  the  leak  for 
the  .same  purpose.  A  convenient  ar¬ 
rangement  for  such  tests  is  a  bell 
jar  large  enough  to  enclose  the 
artificial  ear  and  receiver  under  test, 
provision  for  introducing  the  con¬ 
necting  leads  into  the  jar,  a  small 
vacuum  pump  and  manometer.  Other 
types  of  artificial  ears  employing 
conden.ser  microphones  are  not  suit¬ 
able  for  use  at  reduced  pressures 
because  of  the  lack  of  pressure 
e<iualization  behind  the  diaphragm  I 
in  the  microphone.  It  is  felt  that  j 
this  feature  will  greatly  extend  the 
usefulne.ss  of  the  artificial  ear,  es¬ 
pecially  for  investigations  connected 
with  receivers  used  in  aircraft. 

Tclcphotiv  liccciver  Testing 
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The 

?)olution  of 
Your  Problem 


in  the  field  of  Electronic 
devices  may  be  found  through 
enlisting  the  services  of  the 
Consultants  whose  cards  ap¬ 
pear  on  this  page. 

I  his  is  a  highly  specialized 
field  and  specialists  are  there- 
i  fore  better  able  to  undertake 
I  the  rapid  developments  neces¬ 
sary  to  keep  in  step  with  mod- 
I  ern  manufacturing  progress. 


The  acoustical  performance  of  the 
telephone  receiver  is  measured  in 
terms  of  the  acoustical  pre.ssure  de¬ 
veloped  at  the  ear  drum.  This  pres¬ 
sure  is  generally  expres.sed  in  root- 
mean  .square  bars  (  1  bar  =  1  dyne 
per  square  cm). 

There  are  .several  ways  of  expres.s- 
ing  the  efficiency  of  a  telephone  re¬ 
ceiver,  depending  upon  the  definition 
of  “efficiency”  which  is  adopted. 
Since  the  receiver  is  inductive  it  is 
necessary,  in  order  to  draw  the  maxi¬ 
mum  amount  of  power  from  a  source, 
to  match  the  inductive  reactance  by 
an  equal  capacitive  reactance,  as 
well  as  to  match  the  resistance  to 
that  of  the  .source.  This  cannot  be 
done  when  the  receiver  is  to  operate 
over  a  range  of  frequencies,  hence 
the  power  input  to  the  telephone 
receiver  from  a  resistive  source  is 
always  limited  by  the  inductance  of 
the  receiver.  The  real  power  input 
into  the  receiver  may  be  determined 
by  measuring  the  resistive  compon¬ 
ent  of  the  receiver  impedance  and 
!  multiplying  by  the  .square  of  the 
current.  Near  the  principal  reson- 
I  ance  of  the  receiver  diaphragm  the 
impedance  fluctuates  rapidly  and  the 
resistance  measurement  is  a  diffi- 
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The  TYPE  174  COMPRES¬ 
SED  GAS  CONDENSER 
is  the  complete  solution 
to  your  tank  and  antenna 
tuning  problems. 


WRITE  FOR  DATA 


A  Complete  Range  of  Sizes 
and  Alloys  for 
it  TRANSMITTING  TUBES 
it  RECEIVING  TUBES 
it  BAHERY  TUBES 
it  HEARING-AID  TUBES 

Melted  and  worked  under  close 
supervision  to  assure  maximum 
emissivity,  uniformity  and  the 
highest  tensile  strength 

WIRES  drawn  to  .0004"  diam. 
RIBBON  rolled  to  .0001"  dIam. 

SPECIAL  ALLOYS  made  to  meet 
individual  specifications 

Wnfe  for  /is/  of  stock  Alloys 


SIGMUND  COHN 

44  Gold  St.  New  York  City 
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ATR  VIBRATORS 
FOR  EVERY  NEED 

To  handle  power  out¬ 
put  capacities  t)f  0.9 
watt  to  SOO  watts 
from  D.C.  input  volt¬ 
ages  »>f  i  J  V.  to  220  V. 

Available  in  the  shunt- 
coil  or  driver  designs 
of  synchronous  or  nttn- 
synchronous  vibrat.tr 
t\pes  with  4  cttntact, 

6,  8,  10,  and  20  con¬ 
tact  construction.  j 

See  the  ATR  Exhibit  ! 

at  the  Radio  Show, 
Booth  No.  831 

Anierk-an  Television  &  Radio  Co.  lias  consistently 
devoted  its  efforts  and  energies  to  the  iierfection 
and  production  of  vibrators  and  associated  eiiuip- 
ment  and  today,  after  nine  years  of  pains-taking, 
persistent,  and  diligent  work  resulting  in  stead.i 
development  and  progress.  Is  considered  the 
World's  Leader  in  its  field. 

ATR  Vibrators,  tlie  heart  of  vibrator-operated 
power  supplie.s,  are  proien  units  of  the  highest 
quality,  engineered  to  pi-rfection.  Ttiey  are  backed 
by  more  titan  nine  years  of  vibrator  design  and 
research,  development  and  manufacturing— ATR 
pioneered  in  the  vibrator  field. 

Ail  ATR  products  incorporate  only  the  best  mate¬ 
rials  and  workmansliip  and  are  carefully  nianu- 
factuied  tinder  rigid  engineering  iitspections  and 
tests,  making  them  the  fine.st  that  ran  lie  built. 

Write  for  complete  Information. 

Your  inquiries  are  solicited.  I 

AMERICAN  TELEVISION  &  RADIO  CO. 

.Manufacturers  of  Quality  Products  Since  793/ 

300  E.  4th  St. — St.  Paul,  Minnesota 


OVER  1500  BOOKS  DESCRIBED 

Here  is  a  guide  to  practical,  expert  infor¬ 
mation  on  many  business  and  technical 
subjects.  It  contains  clear,  concise  descrip¬ 
tions  of  more  than  1500  authoritative, 
informative  books  written  by  leaders  of 
business,  industry  and  research.  Get  your 
copy  now.  In  it  you  will  find  the  up-to- 
date  books  that  will  give  you  the  facts — 
experience — data — you  need  in  solving 
your  particular  problems. 

McGraw-Hill  Books  bring  you  the 
experience  of  experts  in  your  field 
MAIL  THIS  COUPON  FOR  YOUR  FREE  COPY 


.'VlrOKAW-lill,l.  KOOK  CO..  Inc.. 

:3:t«  W.  4i»n:l  Sit..  .N.  V. 

I’lea.se  send  me  a  free  copy  of  llie  New  liUO  Catalogue 
of  McQraW'lIill  Huoks.  1  want  to  know  iiioie  alioiit: 
(Name  subjects  of  most  interest  to  you.) 


Name  . 

Addre&s  . 

t'lty .  State . L.  C  4U 


Portable  Traiisniiller 

A  COMPACT  LIGHT-WEIGHT  RAOIOTELE- 
PHONE  for  portable  emergency  use  has 
been  designed  by  Wunderlich  Radio, 
Inc.,  South  San  Francisco,  Calif. 


Powered  by  a  fi-volt  storage  battery 
with  15  watts  carrier  it  operates  in  the 
1700-4000  kc  range,  weighs  17i  pounds. 
Antenna  network  is  built-in  and  will 
match  a  random  length  of  wire,  single 
wire  feed,  end-fed,  or  co-axial  line. 


•  •  • 

Voltage  Control 

{Continued  from  page  21) 

ing  to  which  the  current  in  any 
branch  of  a  network  is  found  by 
opening  this  branch,  measuring  or 
calculating  the  voltage  across  the 
break  and  dividing  this  voltage  by 
the  impedance  measured  between  the 
break  with  all  impressed  voltages 
shortcircuited.  The  open  circuit 
voltage  is  clearly  the  e  we  have  al¬ 
ready  calculated,  while  the  total  im¬ 
pedance  across  the  break  (see  Fig. 
4)  with  the  applied  voltage  shorted 
equals 

Zt  =  2x  -h  ^  =  R.  +  Z 

w’here  Z,  is  the  total  impedance  and 
Rb  the  bridge  resi.stance  or  bridge 
impedance.  The  use  of  the  dynamic 
resistance  rather  than  the  actual 
lamp  resistance  is  justified,  since  we 
are  interested  only  in  the  current 
changes  due  to  small  voltage  changes. 
The  voltage  actually  appearing  across 
the  load  impedance  will  then  he 

es  =  t.  X  ~ 

The  circuit  is  very  simple  and  stable 
and  provides  all  the  advantages  of 
a  zero  method  without  the  necessity 
of  a  standard  to  which  the  unknown, 
varying  voltage  must  usually  be 
compared. 


Artificial  Ear  for 
Testing  Telephone 
Receivers 

(('ontiuued  from  page  .‘$5) 

manent  calibration.  In  lieu  of  such 
calibration  an  output  control  is  pro¬ 
vided  at  the  side  of  the  case  so  that 
for  most  precise  work  the  variation 
in  output  with  temperature  can  be 
compensated  for.  This  compensation 
may  be  carried  out  by  using  the 
standard  telephone  receiver  supplied 
with  the  equipment.  Since  the  tem¬ 
perature  will  usually  change  very 
slowly  standardization  will  be  neces- 
.sary  only  at  infrequent  intervals. 

When  a  telephone  receiver  is  held 
against  the  ear  in  the  normal  fashion 
there  will  .seldom  be  a  tight  .seal  be¬ 
tween  the  receiver  cap  and  the  ex¬ 
ternal  ear.  This  is  specially  true  in 
the  ca.se  of  watch-case  receivers  in 
head-band  mountings.  Such  leakage 
acts  acoustically  like  an  inertance 
(acoustic  inductance)  and  tends  to 
resonate  with  the  compliance  of  the 
ear  volume  at  low  frequencies,  thins 
changing  the  pre.ssure  developed  at 
the  drum.  It  is  sometimes  desirable 
to  take  this  into  consideration  in 
testing  and  in  the  design  of  the  ar¬ 
tificial  ear  the  leakage  has  been  in¬ 
corporated  as  shown  at  (i  ( h’ig.  2). 
Removal  of  the  plug  H  provides  a 
passage  to  the  open  air  of  such  pro¬ 
portions  as  to  resonate  with  the  ear 
volume  at  a  frequency  in  the  neigh¬ 
borhood  of  400  cp.s.  It  must  he 
pointed  out  that  the  design  of  this 
leak  is  entirely  arbitrary,  depending 
to  a  large  extent  upon  the  pre.ssure 
with  which  the  receiver  is  held 
against  the  ear.  The  design  cho.sen. 
however,  represents  a  good  average 
value.  This  arbitrariness  with  re¬ 
gard  to  the  design  of  the  leak  .should 
be  borne  in  mind  in  comparing  re¬ 
sults  obtained  with  artificial  ears 
of  various  types.  We  have  found  the 
leak  of  doubtful  value  in  routine 
testing  and  recommend  that  it  be 
closed  as  a  standard  testing  condi¬ 
tion.  It  is  of  value  how’ever,  in  re- 
.search  work  as  indicating  the  gen¬ 
eral  effect  of  an  imperfect  .seal  be¬ 
tween  the  ear  and  the  cap  of  the 
receiver. 

A  small  capillary  duct  connect.s  the 


108 


Jiirw  /9#0  — ELECTROM(:S 


PILOT  LIGHTS 


UNDERWRITtBS  APPROVED  MODEL  100 


CO.  OF 

«  \A  Sationui  Satei  Agrn;s^^C^A 
F  EDWIN  SCHMITT  SUES  CO  ‘ 
134  ltlieft|(  Street.  Ne»  Terk  N  t 


cult  one.  The  impedance  also  de¬ 
pends  upon  the  current  and  must  be 
measured  at  the  specified  input  level. 
The  .sound-pressure  developed  by  the 
receiver  is  proportional  to  the  cur¬ 
rent  or  to  the  sipiare  root  of  the 
power,  hence  an  "efficiency”  or 
"power  sensitivity”  factor  based 
upon  this  may  be  defined  as  follows: 

•r.,  />  \/  \V  (  1  ) 

where  p  is  the  acoustical  pressure 
developed  in  the  artificial  ear  and  If 
is  the  input  power.  This  can  be  ex¬ 
pressed  in  decibels  if  desired,  usiiiL' 
a  reference  value  of  1  bar  for  the 
pressure  and  1  milliwatt  for  the 
power. 

T,,  =  20  lo^r.,,  ( />  \^U’)  (2> 

Of  fundamental  interest  reLrardinc- 
telephone  performance  is  the  rela¬ 
tion  between  the  .sound-pressure  de¬ 
veloped  in  the  artificial  ear  and  fre¬ 
quency  since  this  determines  the 
quality  of  the  reproduced  .sound  and 
enables  us  to  estimate  the  freipieiuy 
distortion  produced  by  the  receiver. 
Such  curves  are  usually  taken  with 
constant  voltajje  across  the  receiver, 
constant  current  throu^^h  the  re¬ 
ceiver,  or  with  a  generator  im¬ 
pedance  of  a  certain  value.  The  lat¬ 
ter  condition  simulates  the  actual 
circuit  conditions  more  closely  and 
is  of  practical  interest.  For  example 
suppo.se  we  want  to  find  the  fre- 
(jiiency  characteristic  of  a  certain 
pair  of  telephones  connected  to  the 
plate  circuit  of  a  vacuum  tube  ampli¬ 
fier.  We  can  place  in  series  with  the 
telephones  a  resistance  eipial  to  tln“ 
output  resistance  of  the  tube  and 
apply  constant  volta^re  to  the  .seri»*s 
combination.  Since  the  voltavre  K'  I'" 
crated  by  the  best  o.scillator  is 
usually  constant  over  the  freciuemy 
ranjje  it  is  merely  neces.sary  to  se¬ 
lect  the  proper  output  impedance, 
adding  to  this  an  external  resistance 
if  necessary  to  secure  the  proper 
total  series  resistance. 

Figure  4  shows  a  complete  fre- 
(piency  response  characteristic  of  a 
standard  Bell  hand  receiver  taken 
with  a  constant  current  of  3  milli- 
amperes.  The  .solid  curve  was  taken 
with  the  leak  cut  out  and  the  dotted 
curve  was  taken  with  leakage.  Th^ 
prominent  peak  near  1000  cps  is  due 
to  mechanical  resonance  of  the  dia¬ 
phragm  as  modified  .slightly  by  the 
acoustical  reactions  of  the  ear  A 
second  group  of  re.sonances  occurs  in 
the  vicinity  of  3000  cps.  One  of 
I  the.se  is  due  to  the  diaphragm  vi- 
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Doolittle  &  I'alknor.  Inc .  9.1 

Driver  Co.,  Wilhur  B .  80 

Du  Mont  l.al)oratories,  Ine.,  .Mien 

B . 58 

Du  I’ont  Plastics .  40 

Dunn,  Inc.,  Stnifheis .  02 

Kit  or,  Inc.  .  *>»» 

I'.ish  r  l•'n^;^neerin^;  C'o .  llO 

Kitel-McCnIlou)ih.  Inc .  47 

I'-lecirical  Research  I’mducts.  Inc...  82 
Kni.;ineerin)>  Co.  of  Newark,  \.  I., 

Tlie  . . .  no 

Kri(  Resistor  Corj) .  0 

I'erris  Instrument  Cor]i .  10.1 

Damlde  I’uhlicatioiis .  104 

Danliner  Metal  Co .  101 

Deneral  Ceramics  Co . 74.  75 


Deueral  Radio  Co .  10 

^>oat  Radio  Tul)e  Parts,  Ine .  70 

Duardian  h'leetric  Mi’k.  Co .  7 

Outhnian  &  Co.,  I'.dwin  1 . 2,  .1 

Halhi'!  lifters  Inc .  105 

Hamniarlund  Ml'}*.  Co .  102 

|leii\einann  Circuit  Breaker  Co .  80 

Heint/.  &  Kaufman  I.td .  lO*) 

Hewlett-Packard  Co .  95 

Hollywood  Transformer  Co .  110 

Hunter  Pressed  Steel  Co .  82 

Indiana  .Steel  Products  Co .  94 

Instrument  Resistors.  Inc .  91 

Intermational  Resistance  Co .  .M 

Isolamite  Inc .  79 

.lensen  Radio  MfR.  Co .  9 

Jones,  Howard  B .  88 
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Kaar  EiiRineering  Co .  102 

Kenyon  Transformer  Co .  78 

Kirkland  Co.,  H.  R .  110 

Kurman  Electric  Co .  80 

Lampkin  Laboratories .  110 

I.amson  &  Sessions  Co .  63 

l^l)p  Insulator  Co .  11 

I.each  Relay  Co .  87 

Lehigh  Structural  Steel  Co .  101 

Lenz  Electric  Mfg.  Co .  51 

Lingo  &  .Son,  Inc.,  John  K .  00 

.Mtillory  &  Co.,  Inc.  P.  R .  12 

McGraw-Hill  Rook  t  o..  Itu .  108 

Measurements  Corj) .  91 

.Mica  Insulator  Co .  92 

.Milieu  Mfg.  Co.,  Inc.,  Janu'. .  97 

•Monarch  Mfg.  Co .  104 

National  Screw  &  Mfg.  Co .  63 

Ohmite  Mfg.  Co .  100 

( )nan  &  .Sons,  D.  W .  105 

Oxford-Tartak  Ra<lio  Cor)) .  92 

Parker-Kalon  Corp .  63 

Permo  Products  Corp .  8,1 

Pheoll  Mfg.  Co .  63 

Phillips  .Screws .  63 

Pioneer  Gen-E-Motor  Corit .  93 

Precision  .Api)aratus  Co .  Oft 

Precision  TuIh*  Co .  76 

Presto  Recording  Corj) .  64 

Radio  Engineering  Lalx>ratorics,  Inc.  67 

Radio  Wire  Television.  Inc .  % 

RC.A  Mfg.  C<i . 73,  Back  Cover 

Raytheon  Mfg.  Co .  94 

Rentier  Co.,  Ltd .  91 

Rex  Rlu*ostat  Co .  110 

Richardson  Co .  52 

Russell.  Burdsall  v't  Ward  Bolt  \- 
Nnt  Co .  63 


Scovill  Mfg.  Co .  63 

Shakeproof  Dtck  Waslier  Co .  63 

Shallcross  Mfg.  Co .  88 

Shune  Brothers .  98 

Sola  Electric  Co .  76 

Solar  Mfg.  Corj) .  66 

Speer  Carlton  Co .  48 

.Stackpole  Carlxm  Co .  81 

Standard  Electrical  Products  Co....  98 

.Superior  Tube  C<» .  71 

Synthane  Corj) .  45 

Televiso  Co .  lol 

Telex  Product-  Co .  87 

riiomas  &  Skinner  Steel  1M-.  Co...  103 
Triplett  Electrical  Instrument  Co...  8) 

Tubular  Rivet  &  Stud  Co .  50 


United  Electronics  Co .  44 

L^nited  Tran-former  Corj) .  r>8 

Universal  Microi»hone  Co..  I.td .  110 

\’acutron.  Inc .  110 

Ward  Leonard  Electric  Co .  .''d 

Western  IHectric  Co .  t)5 

Westinghouse  Electric  &  Mfg.  Co. ..Vt,  57 
Weston  Electrical  Instrnment  Corp.  77 

White  Dental  Mfg.  Co..  .S.  .S .  86 

Wiley  &•  Sons  Inc..  John .  95 

Wilson  Co.,  H.  .\ .  89 

Zolthar  .Mill-,  Inc .  94 
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SEARCHLIGHT  SECTION 

(Classiticd  Advertisiut) ) 


EMPLOYMENT  .  Ill 

I-.gUlPMENT  FOR  SAl.F. 

lusler  Electric  Corp .  Ill 

Kahle  Engineering  Corj) .  Ill 


I  (I'osmo.v  VAe.\.NTt  I 

ENGINEER 

I  Kiprrieuool  in  the  msnuracture  nf  fildw  di-charRi-  I 
:  devices  luinK  hut  csllKxleii.  Kxcellent  opportunit.v  I 
I  with  growiiiK  concern  in  t'hicsRn.  State  education  f 
s  A  exiarience  in  detail.  .\U  conv.siiondencc  strictly  | 
i  rontidentiai.  | 

5  P-236,  Kltsdronics  | 

:  .’•20  No.  Mii'hiaan  Ave.,  Chicaxo.  III.  | 


HIGH  GRADE  USED 

ELECTRON  TUBE  MACHINERY 

Huoc  Stock  of  Every  Type  and  Variety 

K Aill.K  KNGINKKKING  rOKrOR.\TIO.N 


I  .-tinvialists  in  Kqiiipment  for  the  manufarUire  of  | 
I  Neon  Tul'e.s.  Itadio  Tuhc<.  Inrande-rent  laimiKi,  I 
I  I’lioto  CelU.  X-ray  Tube.-,  etc.  | 

I  !NM>  l>eMntt  St.,  North  Bertren,  N.  .1.  | 


IIKPKXDABLE 

I  VmhI  i 

I  ELECTRONIC  TUBE  EQUIPMENT  | 

I  A  complete  line  of  u.sed  equipment  for  the  manu-  | 
I  facture  of  Radio  TuIhw.  Neon  Ttibe-.  Incandescent  I 
I  lamps,  etc.  I 

I  Write  for  Bulletin  showing  savings  from  25  to  7S"c  1 

I  KISLER  El.ECTRIC  CORP.  | 

I  S34  39th  Street,  Union  City,  N.  J.  I 


POSITIONS  WANTED 

KADYu-TkCkI’HO.NK  i>PKKAt6k;  Holder  of 
flrat-cla}<H  license.  International  Correspond- 
etice  School  tlraduate.  Desires  po.sition  at  a 
broadcast  station  anywhere  in  the  United 
States.  John  Kill,  804  Starkweather  Avenue, 

Cleveland,  Ohio. _ 

.ACCOUNTING  KXKCUTIVE-CONTROULBR^ 
former  U.  S.  Government  otficial:  broaii 
experience  management,  flnanre.  budgets, 
costs,  production  control,  market  analy.sis. 
government  regulation.s  for  metal  fabricating 
and  radio  industries.  I‘\V-237.  Electronics.  33u 
W.  42nd  St..  New  York.  N.  Y. 


What  is 

YOUR  Problem? 

Do  you  need  compotont  mon  for  your 
■tafi? 

Aro  you  ■••king  omploymont? 

Or.  aro  you  looking  lor — or  offoring 
— o  businois  opportunity  oi  tpocial 
intoroat  to  mon  in  tho  industry  sorvod 
by  this  publication? 

Tho  solution  of  any  oi  thoso  prob- 
loms  can  logically  bo  found  first 
among  otbor  roadors  of  Eloctronics. 
You  can  get  thoir  attention — at  small 
cost — through  an  advertisement  here. 


Ill 


Vhv  bt»ii€»r  thv  rt>cnr€ts..»ih€»  y^Mu  nt»0»ti 

MlCRODY]\E 

SiiMitgiartl  htf  Which  Oihcrs 
Art*  •Mutiycd  unit  Vttiucti** 

• 


The  advent  of  the  splendid  new  reeordiiifs  tech¬ 
nique,  while  permanently  explmling  some  tradi¬ 
tional  fallacies,  served  to  place  AEDAX  Pick-ups 
squarely  in  the  eye  of  technicians  as  the  one  reproduc¬ 
ing?  system  with  EVERYTHING  to  make  these  new 
records  WORKABLE. 

The  manufacturers  of  the  new  records  practically 
write  a  scenario  of  MICRODYNE’s  goo<l  points  when 
they  demand  in  a  pick-up  these  qualities: — 

uniformly  good  rpsponse  fo  8,000  cycips 
lotr  nppdlp  intffpdancp 
ahspncp  of  harmonic  distortion 
hnv  prpssurp  on  rpproducing  point 

But  there’s  more  to  ALDAX’s  hrilliani 
story: — sharp,  clean-ciit  definition  to 
8,0(K)  cycles  and  away  beyond  that — 
supreme  facsimile  faithfulness  to  the 
original  composition — absolute  immunity 
to  climatic  conditions — ilay-to-day  consist¬ 
ency  that  has  made  even  the  most  skeptical 
sound  men  100%  AUDAX  enthusiasts. 

LIST  PRICES  START  AT 


Write  for  complete  information  re¬ 
garding  MICRODYNE,  al.-o  the  latest 
AUDAX  Hi-fidelity  Cutting  Head  .  .  . 
w'hich  fills  an  important  gap  in  instan¬ 
taneous  recording  technique. 


AIJDAK  COMPANY 

500  Fifili  Avenue  Aen  Yftrk  I'iiv 

“Creators  of  High  Grade  Electrical  and 
Acoustical  Apparatus  Since  1915^' 


brating  in  a  hight*r  mode  with  a 
single  nodal  circle.  Others  are  due 
to  acoustical  re.sonance  between  the 
inertance  of  the  air  in  the  hole  in 
the  ear  cap  and  the  compliance  of 
the  associated  volumes  of  the  dia¬ 
phragm  chamber  and  to  resonance 
in  the  eai' canal. 

Tests  ini  Hem  infi-Aul  Receivers 

The  Type  505  artificial  ear  can 
also  be  u.sed  for  measurements  (»n  re¬ 
ceivers  u.sed  in  hearing  aids.  For 
this  purpose  an  adapter  is  neces.sary. 
The  average  hearing-aid  receiver  is 
coupled  to  the  ear  by  means  of  an  ex¬ 
tension  which  fits  into  the  ear  canal. 
In  some  cases  these  extensions  are 
more  or  less  straight;  in  others  spe¬ 
cial  mouldings  are  made  to  fit  the 
curvature  of  the  ear  canal  more  ac¬ 
curately.  Measurements  made  on  a 
number  of  different  commercial  types 
indicate  that  the  small  ducts  in  them 
do  not  differ  much  in  dimensions  and 
this  information  has  been  used  in  the 
design  of  a  standard  adapter  having 
a  duct  approximately  §  inch  long 
and  3  32  inch  in  diameter.  This 
adapter  fits  into  the  rubber  auricle 
of  the  artificial  ear  and  simulates  the 
acoustical  condition  which  exists 
when  the  hearing-aid  receiver  is 
worn  on  the  ear.  Measurements  have 
shown  that  the  curvature  of  the  duct 
has  no  effect  .so  the  duct  can  be  made 
straight,  as  shown,  since  this  is  more 
convenient  mechanically. 

The  procedure  in  testing  hearing- 
aid  receivers  is  the  same  as  that 
used  for  ordinary  telephone  re¬ 
ceivers.  Those  of  the  electromag¬ 
netic  type  can  be  tested  at  constant 
current  or  voltage,  while  in  the 
case  of  crystal  receivers  it  is  cus¬ 
tomary  to  test  them  a:  constant  volt¬ 
age.  A  voltage  of  the  order  of  20 
w'ill  usually  be  sufficient.  Figure  5 
shows  a  fre(iuency-respf)n.se  curve  on 
a  commercial  hearing-aid  receiver 
tested  at  a  constant  voltage  of  15, 
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